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0
00:00:03.865 --> 00:00:04.155
Okay.

1
00:00:08.045 --> 00:00:10.665
Hi everyone. Uh, welcome to the methods one, two lecture.

2
00:00:10.925 --> 00:00:13.385
My name's Kafe, I'm gonna be your lecturer for today.

3
00:00:14.125 --> 00:00:15.625
Now, just a little bit about myself.

4
00:00:15.785 --> 00:00:18.985
I studied Methods three and four back in 2022

5
00:00:19.525 --> 00:00:21.705
and I ended up getting a raw 45.

6
00:00:22.205 --> 00:00:24.705
So I'm hoping that through this uh, lecture here,

7
00:00:24.705 --> 00:00:27.545
I'll be able to help you guys establish a good foundation

8
00:00:27.605 --> 00:00:29.065
for one and two, and

9
00:00:29.565 --> 00:00:31.545
of course going into methods three and four.

10
00:00:31.545 --> 00:00:33.425
Hopefully that's gonna be able to help you there.

11
00:00:34.185 --> 00:00:35.445
Now before I get into the lecture,

12
00:00:35.865 --> 00:00:37.965
I'm just gonna quickly talk a little bit about

13
00:00:37.965 --> 00:00:39.445
what we do here at AAN Notes.

14
00:00:40.275 --> 00:00:44.025
Since 2007, we've been offering heaps of free resources just

15
00:00:44.025 --> 00:00:46.465
to make sure that students can rarely thrive.

16
00:00:47.195 --> 00:00:50.465
We've offered free lectures just like these ones since 2015.

17
00:00:50.765 --> 00:00:52.825
And of course, these lectures are in line

18
00:00:52.825 --> 00:00:54.985
with our mission here at ATAR Notes

19
00:00:55.125 --> 00:00:57.065
to help students as much as possible.

20
00:00:57.925 --> 00:01:00.155
We've got tons of free resources available for you.

21
00:01:01.355 --> 00:01:04.055
Go into a few of those now. There you go.

22
00:01:04.055 --> 00:01:06.215
There's some of those things that we offer there.

23
00:01:06.515 --> 00:01:09.495
You can find pretty much everything here@atarnotes.com.

24
00:01:10.495 --> 00:01:11.715
And if you want more info

25
00:01:11.735 --> 00:01:14.475
and tips on how to use these resources, make sure

26
00:01:14.475 --> 00:01:17.635
that you check the Info doc under the resources section

27
00:01:17.855 --> 00:01:18.915
of this lecture page.

28
00:01:19.755 --> 00:01:21.465
We've got free notes, we've got free videos,

29
00:01:21.475 --> 00:01:23.425
we've got free guides from past students.

30
00:01:24.005 --> 00:01:25.145
If you have any questions

31
00:01:25.235 --> 00:01:29.665
after the lecture, the blessed place to go is the chat where

32
00:01:30.285 --> 00:01:33.385
I'm gonna be there being responding, sorry, responding

33
00:01:33.385 --> 00:01:34.505
to all of your questions.

34
00:01:35.005 --> 00:01:37.385
So please make sure you're always engaging in the chat

35
00:01:37.385 --> 00:01:39.065
there, leaving questions for me to answer.

36
00:01:39.805 --> 00:01:42.485
And if you're looking for even more support

37
00:01:42.605 --> 00:01:45.085
outside the lecture, we've got you covered with

38
00:01:46.385 --> 00:01:50.345
ATAR notes plus now we've got heaps

39
00:01:50.345 --> 00:01:51.865
of different guidebooks here.

40
00:01:51.885 --> 00:01:56.145
You can see some there biology, business chemistry for all

41
00:01:56.145 --> 00:01:57.945
of the different subjects that you might be studying,

42
00:01:58.605 --> 00:02:01.945
as well as heaps of other resources that's just, uh,

43
00:02:01.945 --> 00:02:02.945
scratching the surface.

44
00:02:03.605 --> 00:02:05.265
So make sure you guys check that out.

45
00:02:06.795 --> 00:02:09.275
Okay, we'll get into the lecture now.

46
00:02:09.815 --> 00:02:13.045
So basically the game plan for today,

47
00:02:14.965 --> 00:02:17.065
as I said before, methods one two,

48
00:02:17.195 --> 00:02:18.625
which you'll be doing in year 11,

49
00:02:18.765 --> 00:02:21.705
it forms a very strong basis for methods three and four.

50
00:02:22.165 --> 00:02:26.625
So my goal essentially here is to build up a framework,

51
00:02:26.905 --> 00:02:30.905
a foundation for you guys to build upon over the course

52
00:02:30.965 --> 00:02:32.145
of the first semester.

53
00:02:32.525 --> 00:02:34.185
As you learn more and more things in class,

54
00:02:34.245 --> 00:02:37.625
you can fill in the gaps and really have a very holistic

55
00:02:37.845 --> 00:02:39.705
and thorough understanding of the content.

56
00:02:41.415 --> 00:02:45.315
So essentially it'll be going over content and theory

57
00:02:45.495 --> 00:02:48.195
and then doing some practice questions along the way

58
00:02:48.195 --> 00:02:49.835
to really consolidate what we've learned.

59
00:02:50.295 --> 00:02:51.315
And as I said before,

60
00:02:51.315 --> 00:02:53.315
please make sure you're asking questions in the chat.

61
00:02:53.335 --> 00:02:55.475
That's the best way that I can help you guys today.

62
00:02:57.015 --> 00:02:59.765
All right, so on the right, right side there,

63
00:02:59.795 --> 00:03:01.045
there's just got a brief list

64
00:03:01.045 --> 00:03:02.445
of the topics that we're gonna cover.

65
00:03:03.135 --> 00:03:05.865
Let's get into it. So we're gonna start off

66
00:03:05.865 --> 00:03:06.945
with linear geometry.

67
00:03:07.935 --> 00:03:12.075
Now, linear relation is a polynomial of degree one.

68
00:03:12.945 --> 00:03:15.165
Now what's a polynomial? What's a degree?

69
00:03:15.535 --> 00:03:17.485
Don't worry about it, we'll get into it a little bit later,

70
00:03:18.615 --> 00:03:20.115
but now just remember that

71
00:03:20.665 --> 00:03:22.915
it's an equation in this form right here.

72
00:03:23.355 --> 00:03:24.715
Y equals MX plus C.

73
00:03:24.735 --> 00:03:26.795
You should, you guys should all be familiar with this from,

74
00:03:27.295 --> 00:03:28.355
uh, previous years.

75
00:03:30.505 --> 00:03:32.625
C is the y intercept of this line,

76
00:03:33.715 --> 00:03:36.255
and M is the gradient or slope.

77
00:03:36.435 --> 00:03:38.615
Now I'm just gonna, just to be thorough here,

78
00:03:38.915 --> 00:03:41.975
I'm just gonna remind you that the way we make this line is

79
00:03:41.995 --> 00:03:45.655
by plugging in X values along the uh,

80
00:03:46.775 --> 00:03:50.055
X axis here and then putting that into the

81
00:03:50.845 --> 00:03:53.625
linear relation here and seeing what y value we get out.

82
00:03:54.125 --> 00:03:56.755
So got the X axis here.

83
00:03:56.815 --> 00:04:00.365
If we put in one, two times one plus one,

84
00:04:00.625 --> 00:04:03.355
that's gonna be four, sorry, no, that's gonna be three.

85
00:04:03.935 --> 00:04:07.275
So you put that value in and you get a Y value.

86
00:04:07.735 --> 00:04:10.155
So you put a dot there, you keep doing that

87
00:04:10.155 --> 00:04:12.915
for every single value along the X axis

88
00:04:12.915 --> 00:04:16.395
and eventually you're going to get a line of X and Y values.

89
00:04:18.495 --> 00:04:22.655
So some things that you're gonna have to know with,

90
00:04:22.925 --> 00:04:27.415
well when it comes to linear relations is some formulas.

91
00:04:27.555 --> 00:04:30.415
For instance, the distance between two points, the

92
00:04:30.955 --> 00:04:34.025
middle point between two points, many different,

93
00:04:34.025 --> 00:04:36.385
there's many other uh, things that you'll have

94
00:04:36.385 --> 00:04:38.145
to learn along those lines as well.

95
00:04:38.635 --> 00:04:40.705
We'll go into some of the more important ones here.

96
00:04:40.805 --> 00:04:43.935
So first of all, distance. Say we have two points.

97
00:04:44.555 --> 00:04:47.425
We know they're X and Y coordinates,

98
00:04:47.885 --> 00:04:50.465
but we want to find the distance between them.

99
00:04:51.255 --> 00:04:53.275
So if we were to draw a line between these two points,

100
00:04:53.375 --> 00:04:54.435
how long would that line be?

101
00:04:56.415 --> 00:04:59.395
So let's see if we can discover this formula for ourselves.

102
00:05:00.335 --> 00:05:01.785
Here we go. We've got a line here.

103
00:05:02.055 --> 00:05:03.545
This is the length we're trying to find

104
00:05:04.335 --> 00:05:07.715
and then we've drawn these other two lines here so

105
00:05:07.715 --> 00:05:09.195
that we make a right angle triangle.

106
00:05:11.015 --> 00:05:13.885
Now whenever you see right angle triangles,

107
00:05:13.885 --> 00:05:16.005
obviously you want to think of pythagoreous theorem, right?

108
00:05:16.545 --> 00:05:20.895
So we're gonna label one side A, one side B,

109
00:05:21.435 --> 00:05:23.815
and then the length that we're looking for C.

110
00:05:24.415 --> 00:05:26.035
And then we can connect all

111
00:05:26.035 --> 00:05:28.475
of those sides using the pythagoreous theorem.

112
00:05:28.875 --> 00:05:31.235
C squared equals A squared plus B squared.

113
00:05:32.415 --> 00:05:35.305
Then what we can do is we can try

114
00:05:35.325 --> 00:05:38.065
and express these side lengths in terms

115
00:05:38.185 --> 00:05:40.825
of our original coordinate values here.

116
00:05:41.895 --> 00:05:45.315
So remember X two, Y two, these are just placeholders

117
00:05:45.375 --> 00:05:47.555
for the actual values, which we know.

118
00:05:48.755 --> 00:05:49.895
Uh, so,

119
00:05:51.445 --> 00:05:53.105
but the point of a formula is that

120
00:05:53.805 --> 00:05:56.225
we can plug in those values into the

121
00:05:56.225 --> 00:05:58.005
formula and get the answer.

122
00:05:58.345 --> 00:06:01.045
So you can see here we've just rearranged the pythagoreous

123
00:06:01.045 --> 00:06:04.995
theorem here and we've also substituted

124
00:06:05.535 --> 00:06:07.755
our knowledge of the fact that A is given

125
00:06:07.855 --> 00:06:09.755
by X two minus X one.

126
00:06:10.315 --> 00:06:12.975
So X two is the X coordinate how far right

127
00:06:13.625 --> 00:06:16.455
along the screen this point is mine.

128
00:06:16.515 --> 00:06:18.615
And then well, yeah, we're minusing X one,

129
00:06:18.615 --> 00:06:20.815
which is the X coordinate of this point here.

130
00:06:20.825 --> 00:06:23.615
Again, how far right along the screen it is.

131
00:06:24.035 --> 00:06:27.225
So X two minus X one,

132
00:06:27.285 --> 00:06:29.225
that's gonna be this length right here.

133
00:06:30.285 --> 00:06:32.705
The same thing with Y. We can do Y two minus Y one

134
00:06:32.705 --> 00:06:33.865
and we get this length here.

135
00:06:35.165 --> 00:06:37.855
So just rearranging the formula

136
00:06:38.035 --> 00:06:41.335
and then substituting our expressions for A and B.

137
00:06:42.085 --> 00:06:43.945
We can get this formula for distance.

138
00:06:44.055 --> 00:06:45.945
This is something you really want to remember.

139
00:06:47.865 --> 00:06:49.405
Uh, and these are some of the reasons why.

140
00:06:49.785 --> 00:06:52.525
So first of all, the formula isn't on the formula sheet

141
00:06:53.065 --> 00:06:55.805
so you really need to make sure you're comfortable

142
00:06:55.925 --> 00:06:58.045
with the formula and you can remember it.

143
00:06:58.525 --> 00:07:00.845
A good way to remember the formula is to just think about

144
00:07:00.985 --> 00:07:03.005
how we used Pythagoras to get to the formula.

145
00:07:03.555 --> 00:07:06.965
That way it's not just you remembering some arbitrary

146
00:07:06.965 --> 00:07:09.765
letters and square root signs and everything in the formula.

147
00:07:09.905 --> 00:07:12.765
You can actually understand how you got to it.

148
00:07:14.355 --> 00:07:17.215
Uh, another thing to keep in mind is

149
00:07:17.215 --> 00:07:20.095
that it doesn't matter which point you

150
00:07:20.095 --> 00:07:21.495
substitute into the equation.

151
00:07:22.195 --> 00:07:25.485
So if we go back here,

152
00:07:27.165 --> 00:07:30.715
if we were to do X one minus X two

153
00:07:30.935 --> 00:07:32.395
and substitute that into here,

154
00:07:33.555 --> 00:07:36.455
we would still get the exact same value as if we did

155
00:07:37.315 --> 00:07:40.075
X two minus X one, like the formula's telling us to do.

156
00:07:40.575 --> 00:07:42.315
The only thing you wanna make sure though is

157
00:07:42.315 --> 00:07:44.235
that if you do X one minus X two here,

158
00:07:44.415 --> 00:07:46.395
you wanna do Y one minus Y two here.

159
00:07:46.695 --> 00:07:47.875
You don't wanna switch those around,

160
00:07:47.875 --> 00:07:49.435
otherwise you'll end up with the wrong answer.

161
00:07:51.255 --> 00:07:54.625
Uh, yeah, and there's a little bit of an explanation there.

162
00:07:54.695 --> 00:07:57.065
It's just because the formula calculates a difference

163
00:07:57.065 --> 00:08:00.505
between the X values and the difference between Y values.

164
00:08:01.085 --> 00:08:03.705
So you can substitute any which point it doesn't matter.

165
00:08:07.095 --> 00:08:10.815
All right, that leads us on to looking for

166
00:08:11.445 --> 00:08:13.775
another feature of two points, which is the midpoint.

167
00:08:15.185 --> 00:08:16.725
So it's pretty straightforward.

168
00:08:16.785 --> 00:08:19.205
The midpoint is just the point in the

169
00:08:19.205 --> 00:08:20.325
middle of those two points.

170
00:08:21.265 --> 00:08:26.245
And the way we find that is kind of thinking of this idea

171
00:08:26.265 --> 00:08:28.205
of average, right?

172
00:08:28.235 --> 00:08:30.845
What is the average of these two points?

173
00:08:31.345 --> 00:08:34.695
How could we find that? And the way we do that is

174
00:08:36.205 --> 00:08:39.485
thinking about, okay, we used just the X values

175
00:08:39.705 --> 00:08:43.005
and just the Y values when we were breaking down the problem

176
00:08:43.115 --> 00:08:44.565
when we were dealing with distance.

177
00:08:45.065 --> 00:08:47.325
So we could try and do the same thing here, right?

178
00:08:48.165 --> 00:08:51.345
We wanna find the average y value of these two points.

179
00:08:51.645 --> 00:08:53.905
So what we do is we add them and then divide by two.

180
00:08:53.905 --> 00:08:54.985
That's the average formula.

181
00:08:56.165 --> 00:08:59.105
And then we'll get the Y coordinate of the midpoint

182
00:08:59.365 --> 00:09:00.865
and then the same, that's the same thing

183
00:09:00.865 --> 00:09:02.025
with the X coordinate.

184
00:09:02.405 --> 00:09:05.465
We can add the two x coordinates of our original two points

185
00:09:05.805 --> 00:09:06.945
and then divide by two

186
00:09:07.125 --> 00:09:09.545
and we'll get the average X coordinate, oh,

187
00:09:09.545 --> 00:09:11.145
well the midpoint X coordinate.

188
00:09:12.475 --> 00:09:14.735
That's a bit confusing with the terminology there,

189
00:09:15.475 --> 00:09:18.535
but hopefully this visual demonstration here kind

190
00:09:18.535 --> 00:09:20.135
of gives you an idea of how that all works.

191
00:09:21.265 --> 00:09:25.525
Uh, so of course with this, you just wanna

192
00:09:27.045 --> 00:09:30.295
make sure you know how to visualize it

193
00:09:30.635 --> 00:09:32.975
and that'll help you remember all of these formulas.

194
00:09:34.525 --> 00:09:37.005
All right, so moving on, we've got

195
00:09:38.395 --> 00:09:39.975
the gradient of a line.

196
00:09:41.765 --> 00:09:44.105
Now if you remember back to the very first slide,

197
00:09:44.445 --> 00:09:47.795
we were talking about the equation

198
00:09:47.975 --> 00:09:49.715
of uh, linear relation.

199
00:09:50.045 --> 00:09:53.795
We've got Y equals mx plus CM is going to be the gradient

200
00:09:53.935 --> 00:09:56.155
of the line, how steep the line is.

201
00:09:57.085 --> 00:09:58.705
So again, you should be familiar with this.

202
00:09:59.565 --> 00:10:03.665
So it's the idea of the gradient is mathematically defined

203
00:10:03.725 --> 00:10:05.305
as the rise over the run.

204
00:10:06.845 --> 00:10:08.905
So again, M is the gradient

205
00:10:09.455 --> 00:10:11.475
and the rise is given by the change in Y.

206
00:10:11.735 --> 00:10:13.675
The run is given by the change in X.

207
00:10:14.135 --> 00:10:18.505
So again, we can use our knowledge of the coordinates, plug

208
00:10:18.505 --> 00:10:20.705
that into the gradient formula here,

209
00:10:20.705 --> 00:10:25.185
and we get Y two minus Y one over X two minus X one.

210
00:10:25.765 --> 00:10:27.705
That's gonna be our formula for M.

211
00:10:29.495 --> 00:10:31.245
We'll just do a little bit of an example here.

212
00:10:31.575 --> 00:10:33.685
Let's say you want to find the gradient of the line

213
00:10:33.685 --> 00:10:37.465
between the points three, two, and one four.

214
00:10:39.585 --> 00:10:41.325
So we've got M First of all,

215
00:10:41.325 --> 00:10:43.765
we're gonna substitute this first point in.

216
00:10:45.275 --> 00:10:46.955
Remember this is X one and Y one.

217
00:10:48.115 --> 00:10:49.535
So three comma two,

218
00:10:49.625 --> 00:10:53.135
we're gonna get Y two minus two over X two minus three.

219
00:10:53.645 --> 00:10:57.575
Then what we can do is we can substitute in this next 0.1

220
00:10:57.665 --> 00:11:00.955
comma four and that'll look like this.

221
00:11:01.455 --> 00:11:04.395
So we've now got a complete expression

222
00:11:04.395 --> 00:11:07.555
for M four minus two over one minus three.

223
00:11:08.815 --> 00:11:10.155
You can do a bit of simplifying

224
00:11:10.695 --> 00:11:13.715
and we find that the gradient is equal to negative one.

225
00:11:16.215 --> 00:11:20.825
Now something important to note here is that

226
00:11:21.765 --> 00:11:24.875
often you'll be asked, find the equation of a line

227
00:11:24.975 --> 00:11:26.395
or find the gradient of a line.

228
00:11:27.095 --> 00:11:30.315
Always just use this, this is, it should be ringing bells

229
00:11:30.695 --> 00:11:32.075
for this formula right here.

230
00:11:32.975 --> 00:11:35.825
Uh, there are some more complex situations,

231
00:11:35.825 --> 00:11:37.225
but we'll get into those a little bit later.

232
00:11:39.465 --> 00:11:42.125
Now again, same thing with the distance formula.

233
00:11:43.115 --> 00:11:45.655
Uh, if you want, you can plug in the

234
00:11:46.395 --> 00:11:47.775
points in a different order

235
00:11:47.915 --> 00:11:49.655
and you'll still end up getting the same answer.

236
00:11:49.875 --> 00:11:53.445
So whereas before we had four minus two over one minus

237
00:11:53.455 --> 00:11:56.815
three, we can just do two minus four over three minus one.

238
00:11:56.865 --> 00:11:59.255
It'll still give us the same answer of negative one.

239
00:12:02.255 --> 00:12:04.515
Now, one thing I just want to note

240
00:12:04.515 --> 00:12:06.235
before we move on here is

241
00:12:06.235 --> 00:12:08.595
that since we can define the gradient

242
00:12:08.615 --> 00:12:10.115
as the rise over the run,

243
00:12:10.855 --> 00:12:14.035
we can actually think a little bit about trigonometry.

244
00:12:14.655 --> 00:12:16.195
Uh, now don't worry, I don't expect you

245
00:12:16.195 --> 00:12:19.555
to remember too much from previous years when it comes

246
00:12:19.555 --> 00:12:23.435
to trigonometry, but just remember if we were to

247
00:12:24.095 --> 00:12:26.915
put an angle here, you guys should remember soaker toa.

248
00:12:27.675 --> 00:12:31.295
We can use that to define the tangent of this angle

249
00:12:32.035 --> 00:12:33.055
as the gradient.

250
00:12:34.165 --> 00:12:38.795
So whenever there's a question that asks you for an angle,

251
00:12:39.645 --> 00:12:44.605
you should always be thinking about uh, the tangent

252
00:12:44.705 --> 00:12:45.965
of this angle right here.

253
00:12:47.485 --> 00:12:48.905
Now for note that this is only

254
00:12:48.925 --> 00:12:50.745
for linear equation questions.

255
00:12:51.135 --> 00:12:53.545
There's gonna be some other complex questions

256
00:12:53.625 --> 00:12:54.705
that might be asking you

257
00:12:54.705 --> 00:12:58.785
for angles only if it involves a linear equation that you,

258
00:12:58.845 --> 00:13:00.785
you should be using this idea of the tangent

259
00:13:00.845 --> 00:13:02.945
of the angle being equal to M.

260
00:13:04.045 --> 00:13:06.945
Now again, the way we derive that is tangent is

261
00:13:07.625 --> 00:13:10.665
opposite over adjacent, and now our opposite is the rise

262
00:13:11.645 --> 00:13:13.665
and our adjacent is the run.

263
00:13:14.265 --> 00:13:16.365
So you just substitute that into the formula

264
00:13:16.545 --> 00:13:18.245
for m rise over run

265
00:13:19.305 --> 00:13:22.965
and eventually you'll get to the B

266
00:13:23.515 --> 00:13:24.645
formula for M.

267
00:13:28.345 --> 00:13:31.955
Okay, so we've got our first practice question.

268
00:13:32.755 --> 00:13:35.035
A line passes through the points one, two

269
00:13:35.735 --> 00:13:37.355
and negative three and six.

270
00:13:38.025 --> 00:13:40.765
We need to try and find the equation of the line.

271
00:13:42.385 --> 00:13:43.685
So I'll get my pen out here.

272
00:13:43.985 --> 00:13:46.405
We can, if you want, you can, if you have a book

273
00:13:47.265 --> 00:13:49.755
near you pen and paper, we can work

274
00:13:49.755 --> 00:13:50.755
through this question together

275
00:13:51.335 --> 00:13:55.235
and see if you can get the same answer that I do here.

276
00:13:55.615 --> 00:14:00.425
So first off, well first off we want to find the gradient

277
00:14:00.425 --> 00:14:01.705
of the line, the M value.

278
00:14:03.075 --> 00:14:06.195
So we start off by saying, where's my pen?

279
00:14:06.195 --> 00:14:09.195
Here it is M is equal to

280
00:14:10.815 --> 00:14:12.415
Y two minus Y one

281
00:14:13.005 --> 00:14:15.855
over X two minus X one.

282
00:14:17.515 --> 00:14:20.855
Now that's gonna be equal to six minus two over.

283
00:14:21.385 --> 00:14:22.695
We've got negative three here.

284
00:14:23.335 --> 00:14:26.135
We put negative three down minus one.

285
00:14:28.765 --> 00:14:29.775
Then we can finish off

286
00:14:29.775 --> 00:14:32.175
by simplifying this six minus two is four,

287
00:14:33.345 --> 00:14:36.665
and then negative three minus one, that's negative four.

288
00:14:37.865 --> 00:14:41.685
And then simplifying all the way to our final value.

289
00:14:41.905 --> 00:14:44.565
We get M is equal to negative one four divided

290
00:14:44.565 --> 00:14:46.125
by negative four is negative one.

291
00:14:46.815 --> 00:14:48.275
So that's our M value right there.

292
00:14:50.105 --> 00:14:53.395
Now we know that the formula of the line is Y equals

293
00:14:54.275 --> 00:14:55.355
mx plus C.

294
00:14:56.345 --> 00:14:59.325
So now that we know the M value, we can substitute that in.

295
00:14:59.875 --> 00:15:03.215
So we get Y equals negative X plus C.

296
00:15:04.675 --> 00:15:07.055
All right, so we'll move on to the right side here.

297
00:15:08.795 --> 00:15:11.495
The only thing left to do is to find the C value

298
00:15:11.715 --> 00:15:13.335
and then we'll have the equation of the line.

299
00:15:14.695 --> 00:15:19.655
So the way we find the C value is we take

300
00:15:19.715 --> 00:15:22.295
one of these points and just substitute it into

301
00:15:22.835 --> 00:15:24.895
our equation, our unfinished equation.

302
00:15:25.495 --> 00:15:29.395
So what we can do, we can write at the 0.1 comma two,

303
00:15:29.575 --> 00:15:31.035
I'm just picking a random point here.

304
00:15:31.055 --> 00:15:34.875
You can, uh, just as viably picked this point right here,

305
00:15:35.015 --> 00:15:37.875
but I'm gonna be going with this one at one comma two,

306
00:15:39.085 --> 00:15:41.465
we have two which is the Y value

307
00:15:43.255 --> 00:15:45.205
equal negative x.

308
00:15:45.895 --> 00:15:48.685
Again, well our X value here is negative, oh is one.

309
00:15:48.785 --> 00:15:51.895
So we're gonna have negative one plus C.

310
00:15:53.225 --> 00:15:55.445
And now all we have to do is rearrange for C here.

311
00:15:56.025 --> 00:15:59.805
So adding one to both sides, we get three

312
00:15:59.985 --> 00:16:01.485
and on the right side we get C.

313
00:16:02.285 --> 00:16:03.505
So C is equal to three.

314
00:16:04.685 --> 00:16:05.705
So our finished equation

315
00:16:05.765 --> 00:16:10.005
for the line is gonna look like y equals negative x

316
00:16:10.675 --> 00:16:12.005
plus uh three.

317
00:16:13.225 --> 00:16:14.685
That's our equation of the line.

318
00:16:16.485 --> 00:16:17.505
One thing you can do just

319
00:16:17.505 --> 00:16:19.105
to check if you've got the answer right there

320
00:16:19.105 --> 00:16:23.225
and you haven't messed up in your working is plug in one

321
00:16:23.225 --> 00:16:24.785
of the points into your equation

322
00:16:24.845 --> 00:16:26.385
and make sure everything matches up.

323
00:16:26.905 --> 00:16:31.405
So if we take the 0.12, then according to our equation here,

324
00:16:32.105 --> 00:16:36.655
two, which is the Y value is gonna be equal to negative.

325
00:16:37.355 --> 00:16:39.455
One is our uh, X value.

326
00:16:39.475 --> 00:16:41.825
So we'll put one there plus three,

327
00:16:42.045 --> 00:16:43.785
and sure enough we end up

328
00:16:43.785 --> 00:16:46.105
with the statement two equals two, which is correct.

329
00:16:46.525 --> 00:16:48.405
So that means we've got our equation

330
00:16:48.405 --> 00:16:49.525
of the line correct there.

331
00:16:51.925 --> 00:16:54.295
Okay, so that's linear equations.

332
00:16:54.305 --> 00:16:56.255
Again, since you've covered this in previous years,

333
00:16:56.775 --> 00:16:58.495
I won't go too much in depth with it.

334
00:16:59.795 --> 00:17:02.695
In methods one, two, you get introduced to this idea

335
00:17:02.835 --> 00:17:04.215
of polynomials.

336
00:17:04.635 --> 00:17:07.495
Now you've dealt with quadratics, that's also a polynomial,

337
00:17:07.995 --> 00:17:11.415
but in methods one, two, you'll start exploring cubics

338
00:17:11.415 --> 00:17:12.455
as well as cortex.

339
00:17:12.725 --> 00:17:14.615
There's a higher order polynomials.

340
00:17:14.965 --> 00:17:18.775
Basically what a polynomial is is

341
00:17:19.485 --> 00:17:20.495
this expression here.

342
00:17:21.015 --> 00:17:23.055
I shouldn't say basically 'cause it doesn't look very basic.

343
00:17:23.375 --> 00:17:27.225
I understand, but you don't need to remember all this.

344
00:17:27.255 --> 00:17:29.105
Just know that it has this general form.

345
00:17:30.325 --> 00:17:33.385
And then in your head, when you think polynomial,

346
00:17:33.385 --> 00:17:36.695
what you can actually do is think of it instead

347
00:17:36.715 --> 00:17:40.055
as an expression where X is raised to whole number powers.

348
00:17:40.755 --> 00:17:43.725
So for instance, if we have

349
00:17:44.865 --> 00:17:48.665
a linear relation, that's a polynomial where X is not raised

350
00:17:49.595 --> 00:17:51.085
well, it's raised to the power one,

351
00:17:51.715 --> 00:17:54.095
so we get Y equals mx plus C.

352
00:17:55.265 --> 00:17:59.765
If though we raise X to the second power, then we end up

353
00:17:59.765 --> 00:18:00.965
with a quadratic.

354
00:18:01.655 --> 00:18:04.235
We get Y equals a x squared plus B, X plus C.

355
00:18:05.135 --> 00:18:09.795
Now the highest, uh, power that we raise X two, that's known

356
00:18:09.815 --> 00:18:11.715
as the degree of the polynomial.

357
00:18:12.135 --> 00:18:14.715
So in this case, well in the case of a linear relation,

358
00:18:14.995 --> 00:18:16.155
Y equals MX plus C.

359
00:18:16.535 --> 00:18:19.755
The degree of that polynomial is going to be one

360
00:18:19.945 --> 00:18:23.755
because X is raised to the highest power of one.

361
00:18:25.705 --> 00:18:28.565
Now, if we raise X to the second power,

362
00:18:29.675 --> 00:18:34.405
then the degree there is gonna be two, two second, uh,

363
00:18:36.065 --> 00:18:39.325
in methods you can encounter questions like I said

364
00:18:39.325 --> 00:18:41.565
before, which involve cubics and cortex.

365
00:18:42.265 --> 00:18:44.125
Cubics would be a degree of three,

366
00:18:44.305 --> 00:18:46.325
and cortex would be a degree of four.

367
00:18:46.895 --> 00:18:50.515
We'll get a little bit into that later on generally.

368
00:18:50.975 --> 00:18:53.875
The takeaway from this slide though is the polynomial is an

369
00:18:53.875 --> 00:18:56.315
expression where X is raised to whole number powers

370
00:18:57.125 --> 00:19:01.945
and the degree of the polynomial is the highest, uh,

371
00:19:01.955 --> 00:19:03.385
power that X is raised to.

372
00:19:03.965 --> 00:19:08.275
So there's different forms of polynomials

373
00:19:08.975 --> 00:19:12.515
and this applies to anything degree two and up.

374
00:19:12.815 --> 00:19:16.195
So we're dealing with quadratics, cubics cortex.

375
00:19:16.495 --> 00:19:17.755
You won't be going higher than that.

376
00:19:17.785 --> 00:19:19.835
It's gonna be outside the scope of the study design,

377
00:19:20.725 --> 00:19:23.085
but you wanna have an idea of

378
00:19:23.085 --> 00:19:24.525
what the expanded form looks like.

379
00:19:25.305 --> 00:19:29.845
And I like to think of this as the ba most basic form

380
00:19:30.455 --> 00:19:33.485
where you have a coefficient, a number in front

381
00:19:33.485 --> 00:19:36.205
of an X term, and then you have the X term itself

382
00:19:36.345 --> 00:19:37.965
and then the power that it's raised to,

383
00:19:38.475 --> 00:19:40.525
it's all laid out in this very neat manner.

384
00:19:41.655 --> 00:19:45.155
Uh, this is referred to as the expanded form.

385
00:19:46.175 --> 00:19:48.155
Now thinking about what information

386
00:19:48.865 --> 00:19:52.915
this form gives us in terms of how the

387
00:19:53.715 --> 00:19:55.115
equation looks when we sketch it out,

388
00:19:56.495 --> 00:20:00.025
this form only tells us the Y intercept at face value

389
00:20:00.605 --> 00:20:03.705
and the y intercept is given by the constant term,

390
00:20:04.095 --> 00:20:06.425
also known as the C term.

391
00:20:07.205 --> 00:20:10.185
That's gonna be this term right here in the case of

392
00:20:10.845 --> 00:20:11.985
the Quadra.

393
00:20:12.565 --> 00:20:15.585
In the case of a cubic, it's gonna be this term here D

394
00:20:16.125 --> 00:20:18.185
and in the case of aquatic, it's gonna be E

395
00:20:18.815 --> 00:20:21.755
that's gonna give us the y intercept of each of these

396
00:20:22.455 --> 00:20:24.075
uh, equations here.

397
00:20:26.005 --> 00:20:27.505
Now the reason for that is

398
00:20:27.505 --> 00:20:28.705
because we need to think about

399
00:20:28.815 --> 00:20:30.465
what happens at the Y and decept.

400
00:20:30.735 --> 00:20:33.065
Well, at the Y and decept, the X term is zero.

401
00:20:34.245 --> 00:20:37.665
So if we were to substitute X equals zero into all

402
00:20:37.665 --> 00:20:39.345
of these equations, you'll notice

403
00:20:39.375 --> 00:20:41.825
that we've got in this first case here,

404
00:20:42.425 --> 00:20:46.065
a times zero squared, which is just zero B times zero,

405
00:20:46.075 --> 00:20:49.125
which again is, but then we've got C leftover,

406
00:20:49.585 --> 00:20:52.765
so Y equals C, that's gonna be our y intercept.

407
00:20:53.435 --> 00:20:54.605
Same thing with cubics.

408
00:20:54.605 --> 00:20:56.845
If we substitute an X equals zero, all

409
00:20:56.845 --> 00:20:59.045
of these terms here will reduce to zero

410
00:20:59.505 --> 00:21:01.085
and we'll just end up with Y equals D.

411
00:21:01.085 --> 00:21:03.925
So that's our X except decept. Same thing with qx.

412
00:21:04.775 --> 00:21:09.705
So always remember the expanded form tells us the Y

413
00:21:09.705 --> 00:21:11.585
intercept at face value.

414
00:21:13.135 --> 00:21:15.915
We obviously, when it comes to sketching graphs

415
00:21:15.935 --> 00:21:17.795
of these equations, we do want

416
00:21:17.795 --> 00:21:20.035
to gather other information like the x intercept

417
00:21:20.375 --> 00:21:22.875
and in the case of quadras, the turning points, et cetera.

418
00:21:23.685 --> 00:21:27.305
But what we're looking for is

419
00:21:27.655 --> 00:21:30.265
what information we can get at face value straight away

420
00:21:30.265 --> 00:21:31.865
without doing any mathematical working.

421
00:21:32.125 --> 00:21:33.305
That's the y intercept.

422
00:21:34.935 --> 00:21:38.305
Now, something you'll have to consider is

423
00:21:38.305 --> 00:21:41.025
with quadratics polynomials of degree two.

424
00:21:42.225 --> 00:21:46.555
Uh, when Y equals zero methods one, two expects you

425
00:21:46.555 --> 00:21:48.155
to be able to solve for x.

426
00:21:48.495 --> 00:21:50.555
Now, of course, you might have done this in previous years,

427
00:21:51.215 --> 00:21:54.635
but the way we solve for the quadratic when y equals zero,

428
00:21:55.335 --> 00:21:57.835
we either factor the quadratic, which is

429
00:21:57.835 --> 00:22:01.835
where we convert this quadratic from the expanded form into

430
00:22:01.835 --> 00:22:02.835
the factorized form,

431
00:22:03.455 --> 00:22:05.525
or we complete the square

432
00:22:06.475 --> 00:22:09.985
where we convert the polynomial into stationary po point

433
00:22:10.015 --> 00:22:12.585
form, or we use the quadratic formula.

434
00:22:13.205 --> 00:22:15.705
Now these other two forms we'll get into in the next slides

435
00:22:15.925 --> 00:22:17.145
as well as the quadratic formula.

436
00:22:19.455 --> 00:22:21.515
All right, so moving on to factorized form.

437
00:22:22.315 --> 00:22:26.855
So factorized form looks something like this.

438
00:22:27.995 --> 00:22:30.495
You're gonna have a constant term on the outside here,

439
00:22:31.175 --> 00:22:33.515
and then on the inside you're gonna have a whole bunch

440
00:22:33.515 --> 00:22:36.355
of brackets, and within each bracket you're gonna have some

441
00:22:36.685 --> 00:22:39.365
expression in terms of x, uh,

442
00:22:39.585 --> 00:22:43.165
and it's always going to be in this kind of format

443
00:22:43.335 --> 00:22:45.005
where you have x plus some number.

444
00:22:46.755 --> 00:22:50.585
Now, not all polynomials can be expressed in this form,

445
00:22:51.685 --> 00:22:54.625
uh, and we'll look at why that is in later slides.

446
00:22:55.515 --> 00:22:58.375
But you always wanna be looking out for opportunities

447
00:22:58.385 --> 00:23:00.895
where you can take a

448
00:23:02.255 --> 00:23:03.615
expanded form polynomial,

449
00:23:03.615 --> 00:23:04.855
that's a previous form we looked at

450
00:23:05.195 --> 00:23:07.215
and convert it to a factorized form.

451
00:23:07.315 --> 00:23:10.775
And we'll again, look at why that's useful later, as well as

452
00:23:10.835 --> 00:23:13.895
how to convert it from expanded to factorized form.

453
00:23:15.465 --> 00:23:18.365
Now, if a polynomial can be expressed in factorized form,

454
00:23:19.515 --> 00:23:20.545
these linear factors,

455
00:23:20.645 --> 00:23:23.545
so these expressions in the brackets in terms of x,

456
00:23:23.735 --> 00:23:27.185
they're gonna tell us where the X intercepts are gonna be,

457
00:23:29.095 --> 00:23:32.555
uh, and we'll look at a little bit, uh, about why

458
00:23:32.555 --> 00:23:33.795
that is in later slides.

459
00:23:34.555 --> 00:23:38.225
But just for as a quick hint, it's

460
00:23:38.225 --> 00:23:39.745
because we set y equals to zero

461
00:23:39.805 --> 00:23:42.705
and then we use the null factor law or null factor theorem.

462
00:23:42.915 --> 00:23:44.145
We'll get into that a little bit later.

463
00:23:44.765 --> 00:23:47.455
The, the last form that we're gonna deal

464
00:23:47.455 --> 00:23:49.055
with is stationary point form,

465
00:23:50.115 --> 00:23:52.655
and it has this general form here.

466
00:23:53.625 --> 00:23:56.415
Again, not all polynomials can be expressed in this form,

467
00:23:57.325 --> 00:23:59.905
but if a polynomial can be expressed in this form,

468
00:24:00.765 --> 00:24:04.185
the information that we can gather at face value is,

469
00:24:05.815 --> 00:24:08.835
uh, the stationary point of each

470
00:24:08.835 --> 00:24:10.555
of these uh, equations here.

471
00:24:11.315 --> 00:24:13.735
Now note, it's only gonna have one stationary point.

472
00:24:14.115 --> 00:24:17.415
So with quadratics, that's gonna be a given.

473
00:24:17.475 --> 00:24:20.015
You you're always only gonna have one stationary point,

474
00:24:20.915 --> 00:24:24.935
but cubics, sometimes they can have two stationary points,

475
00:24:25.435 --> 00:24:27.255
and again, we'll look at why that is later.

476
00:24:28.075 --> 00:24:30.335
QX can have up to three stationary points.

477
00:24:32.935 --> 00:24:37.895
Now one thing you wanna be careful of is the sign here,

478
00:24:39.255 --> 00:24:43.755
a lot of people, they make the mistake of thinking, okay,

479
00:24:43.895 --> 00:24:46.915
so the stationary point, let's say it's at three

480
00:24:47.015 --> 00:24:49.875
and four, the x value is three, the y value is four.

481
00:24:50.455 --> 00:24:53.035
So let's say we're dealing with a quadratic here,

482
00:24:53.135 --> 00:24:54.675
we only have one stationary point.

483
00:24:54.735 --> 00:24:57.155
So the stationary point at three comma four

484
00:24:57.735 --> 00:24:59.395
is the only stationary point there.

485
00:24:59.655 --> 00:25:01.955
So we can express the equation of the curve

486
00:25:02.615 --> 00:25:06.095
in this form here they might make the mistake of

487
00:25:06.665 --> 00:25:10.065
going y equals uh, A times

488
00:25:10.985 --> 00:25:13.065
x plus B squared plus C.

489
00:25:14.215 --> 00:25:17.195
You can't do that, that's gonna give you the wrong, uh,

490
00:25:18.515 --> 00:25:19.815
that's gonna give you the wrong curve.

491
00:25:20.575 --> 00:25:21.795
You always have to make sure you

492
00:25:21.795 --> 00:25:22.915
don't miss the negative there.

493
00:25:23.415 --> 00:25:26.305
So it's gonna be eight times

494
00:25:26.825 --> 00:25:31.265
x minus three squared plus four in the case of the situation

495
00:25:31.265 --> 00:25:33.105
that we're dealing with.

496
00:25:34.705 --> 00:25:36.445
All right, so we've got another question here.

497
00:25:36.625 --> 00:25:40.125
We need to try and solve this equation for X.

498
00:25:41.545 --> 00:25:44.285
Now going back to the expanded form here,

499
00:25:46.345 --> 00:25:49.305
we can, thinking about that question

500
00:25:49.575 --> 00:25:52.235
that we just saw earlier, we have

501
00:25:53.035 --> 00:25:55.475
a quadratic expression in expanded form

502
00:25:55.825 --> 00:25:57.835
with something like two x squared plus something,

503
00:25:57.835 --> 00:25:59.555
something equals to zero.

504
00:26:00.255 --> 00:26:01.555
So we can look at this point here.

505
00:26:01.745 --> 00:26:05.515
When y equals zero, we need to either factor the quadratic

506
00:26:06.265 --> 00:26:08.525
or complete the square or use the quadratic formula.

507
00:26:09.305 --> 00:26:11.455
We'll get into those next two points later.

508
00:26:11.945 --> 00:26:14.775
We're gonna practice first factoring the quadratic.

509
00:26:14.875 --> 00:26:18.995
So converting this uh, polynomial, uh,

510
00:26:19.015 --> 00:26:21.035
in expanded form to factorized form.

511
00:26:21.325 --> 00:26:23.915
Going over to that question, you can see here

512
00:26:24.055 --> 00:26:27.835
that's a quadratic in expanded form and it's equal to zero.

513
00:26:28.905 --> 00:26:31.965
So how do we convert this to factorized form?

514
00:26:33.605 --> 00:26:38.405
Let's give this a shot. The first thing we have to do

515
00:26:38.625 --> 00:26:41.165
before we do any working is we need to try

516
00:26:41.165 --> 00:26:46.025
and find two numbers which add

517
00:26:46.045 --> 00:26:48.745
to nine, which is this middle term here,

518
00:26:49.935 --> 00:26:53.075
but multiply to give 18.

519
00:26:53.895 --> 00:26:55.195
And where did I get 18 from?

520
00:26:55.195 --> 00:26:58.435
That's nine times two, so nine times two.

521
00:26:59.265 --> 00:27:02.405
So in general, whenever you're trying to factorized

522
00:27:03.125 --> 00:27:05.885
a quadratic and expanded form like this one here,

523
00:27:06.345 --> 00:27:07.965
you wanna find two numbers which add

524
00:27:07.965 --> 00:27:12.125
to give the middle number but multiply to give the product

525
00:27:12.345 --> 00:27:15.965
of the outside two numbers, in this case nine and two.

526
00:27:17.375 --> 00:27:21.955
So just thinking about the factors of 18,

527
00:27:23.325 --> 00:27:27.365
we can have nine times two and that'll give us 18.

528
00:27:28.335 --> 00:27:32.155
We can have uh, six times three that'll give us 18.

529
00:27:32.825 --> 00:27:35.445
Uh, we can have one times 18 that'll give us 18.

530
00:27:36.135 --> 00:27:38.075
And then we just need to think about what two pairs

531
00:27:38.075 --> 00:27:41.115
of numbers also happen to add to give nine.

532
00:27:41.775 --> 00:27:43.675
In this case it's six times three, right?

533
00:27:43.815 --> 00:27:46.535
So six times three is gonna, well,

534
00:27:46.595 --> 00:27:48.055
six plus three is gonna give us nine,

535
00:27:48.055 --> 00:27:49.935
but six times three is gonna give us 18.

536
00:27:51.355 --> 00:27:53.805
What we then do with those numbers is we use it

537
00:27:53.805 --> 00:27:56.045
to split up this middle X term here.

538
00:27:56.545 --> 00:28:00.915
So we start off by writing two x squared plus

539
00:28:01.135 --> 00:28:02.835
and then remember our special numbers

540
00:28:02.865 --> 00:28:04.115
here are six and three.

541
00:28:04.295 --> 00:28:07.925
So we write six x plus three x

542
00:28:08.945 --> 00:28:11.275
plus nine is equal to zero.

543
00:28:13.535 --> 00:28:18.325
What we do next is we kind of split the

544
00:28:19.205 --> 00:28:20.285
equation that we have here in half.

545
00:28:20.345 --> 00:28:23.275
We look at this first side here, so

546
00:28:23.815 --> 00:28:25.635
we have two x squared plus six x.

547
00:28:26.325 --> 00:28:30.205
Is there a common factor there in this case? Yes there is.

548
00:28:30.935 --> 00:28:32.915
Uh, and that common factor is two x.

549
00:28:35.065 --> 00:28:37.915
What we can do then is start an open bracket

550
00:28:38.615 --> 00:28:43.255
and figure out what numbers multiply with two x

551
00:28:43.255 --> 00:28:45.575
to give first of all two x squared

552
00:28:45.835 --> 00:28:47.055
in this case that's just x.

553
00:28:47.715 --> 00:28:50.575
And then what number multiplies with two x

554
00:28:50.575 --> 00:28:52.415
to give us six x in this case?

555
00:28:52.415 --> 00:28:54.705
That's three. You can then close the bracket.

556
00:28:55.925 --> 00:28:58.095
Note that these two expressions here are identical,

557
00:28:58.435 --> 00:29:02.055
two x squared plus six x and two x times x plus three.

558
00:29:02.055 --> 00:29:03.575
They're just expressed in different ways.

559
00:29:04.485 --> 00:29:06.855
What we can then do is look at this other side here

560
00:29:08.045 --> 00:29:09.395
we've got three x plus nine.

561
00:29:09.935 --> 00:29:11.275
Do we have a common factor there?

562
00:29:12.015 --> 00:29:14.305
In this case, again, we do Uh,

563
00:29:14.365 --> 00:29:15.785
and that common factor is three

564
00:29:17.055 --> 00:29:19.315
and just the same thing that we did for the first side.

565
00:29:19.535 --> 00:29:23.035
We can find the numbers which multiply with three

566
00:29:23.035 --> 00:29:26.035
to give us three x and multiply with three to give us nine.

567
00:29:26.635 --> 00:29:31.185
In this case, that's x and then plus three equals zero.

568
00:29:32.795 --> 00:29:37.255
Now, not all the time, you'll be able to take this approach

569
00:29:37.715 --> 00:29:42.085
to where you can factor a quadratic in in expanded form

570
00:29:42.895 --> 00:29:45.155
and convert it to factorized form In the process

571
00:29:46.455 --> 00:29:47.515
you just wanna be looking out

572
00:29:47.515 --> 00:29:48.915
for opportunities where you can.

573
00:29:49.655 --> 00:29:52.195
Uh, in this case I found two numbers which multiplied

574
00:29:52.195 --> 00:29:55.275
to give 18 and added to give nine, which meant

575
00:29:55.275 --> 00:29:58.115
that I could use this approach to convert it

576
00:29:58.115 --> 00:29:59.155
to factorized form.

577
00:30:00.715 --> 00:30:02.725
Sometimes though, you won't be able to find those numbers,

578
00:30:02.825 --> 00:30:04.125
in which case you have to resort

579
00:30:04.125 --> 00:30:06.925
to other tactics like using the quadratic formula

580
00:30:07.225 --> 00:30:09.285
or converting it to stationary point form,

581
00:30:09.535 --> 00:30:10.765
which we'll look into later.

582
00:30:11.545 --> 00:30:14.285
Uh, anyways, for now we'll just finish off converting it

583
00:30:14.285 --> 00:30:17.995
to factorized form this entire expression here.

584
00:30:18.015 --> 00:30:21.285
We can express it in another way.

585
00:30:21.545 --> 00:30:23.485
We can write x plus three in brackets

586
00:30:23.905 --> 00:30:27.445
and then we can write two x plus three in another set

587
00:30:27.445 --> 00:30:31.315
of brackets and that's all equal to zero.

588
00:30:32.145 --> 00:30:34.405
Uh, again, these are identical expressions

589
00:30:36.205 --> 00:30:37.705
and you can see now we're kind of getting closer

590
00:30:37.725 --> 00:30:39.145
to factorized formula.

591
00:30:40.455 --> 00:30:43.095
Uh, in fact, if we wanted to,

592
00:30:43.635 --> 00:30:45.055
we could pull out this two here.

593
00:30:46.965 --> 00:30:49.755
We'll write it out the front two times x plus three

594
00:30:50.795 --> 00:30:55.535
and then we've got two times x

595
00:30:55.915 --> 00:30:59.215
and then we've got two times three over two,

596
00:30:59.265 --> 00:31:01.955
which will give us three equals zero.

597
00:31:03.175 --> 00:31:04.995
You don't have to do that last step there,

598
00:31:05.215 --> 00:31:07.315
but that's just for the sake of completeness showing

599
00:31:07.315 --> 00:31:11.595
that you can convert this quadratic in expanded form to

600
00:31:12.515 --> 00:31:15.235
a factorized form, which is at the bottom here.

601
00:31:16.355 --> 00:31:19.125
What we can then do is use the nu factor theorem.

602
00:31:19.305 --> 00:31:20.805
So you should be familiar with this,

603
00:31:21.145 --> 00:31:24.155
but if not, I'll briefly recap.

604
00:31:24.925 --> 00:31:28.715
Basically what it is is if you have any equation

605
00:31:28.785 --> 00:31:32.195
with a bunch of different factors equal to zero,

606
00:31:32.905 --> 00:31:37.155
then you can conclude that each of those factors has

607
00:31:37.155 --> 00:31:38.515
to be also equal to zero.

608
00:31:38.775 --> 00:31:41.435
So in this case we have x plus three equals zero,

609
00:31:42.615 --> 00:31:44.355
and then we also have x plus three over

610
00:31:44.415 --> 00:31:48.535
two equal to zero.

611
00:31:50.385 --> 00:31:54.125
We can then move uh, three over to solve for X.

612
00:31:54.425 --> 00:31:56.085
So we get X equals negative three

613
00:31:56.965 --> 00:32:00.185
or x equals negative three over two.

614
00:32:00.725 --> 00:32:02.035
So that's our solutions there.

615
00:32:02.035 --> 00:32:05.395
With solve for X, we either have x equals to negative three

616
00:32:05.395 --> 00:32:06.875
or x equals to negative three over two.

617
00:32:07.495 --> 00:32:10.275
Now, if you want to, you can check your answers

618
00:32:10.415 --> 00:32:12.595
by substituting them back into the equation

619
00:32:13.335 --> 00:32:16.115
and making sure that everything reduces down to zero.

620
00:32:17.285 --> 00:32:18.705
In this case, we'll do it with our

621
00:32:18.705 --> 00:32:19.945
answer X equals negative three.

622
00:32:20.525 --> 00:32:23.865
So we've got two times negative three squared

623
00:32:25.085 --> 00:32:28.695
plus nine times negative three plus nine.

624
00:32:29.045 --> 00:32:33.325
It's equal to zero. So two times negative three squared,

625
00:32:33.325 --> 00:32:35.765
that's gonna be two times nine.

626
00:32:36.495 --> 00:32:38.395
And then we've got nine times negative three,

627
00:32:38.395 --> 00:32:39.885
which is negative 27,

628
00:32:40.225 --> 00:32:42.245
and then we've got nine at the end equals zero.

629
00:32:42.865 --> 00:32:46.525
That's 18 minus 27 plus nine equals zero,

630
00:32:46.785 --> 00:32:48.245
and finally zero equals zero.

631
00:32:48.345 --> 00:32:51.325
So that means we've done our working out correctly.

632
00:32:53.115 --> 00:32:57.755
Alright, now I kind of gave a more difficult scenario here

633
00:32:58.285 --> 00:33:02.595
where um, you have a number in front of the

634
00:33:03.355 --> 00:33:05.515
x squared term here in this case the number's two,

635
00:33:06.045 --> 00:33:07.595
often you won't have that number there.

636
00:33:08.055 --> 00:33:09.475
So you'll find that

637
00:33:09.985 --> 00:33:13.235
when you do the working out it's gonna be easier to uh,

638
00:33:13.665 --> 00:33:15.195
convert into factorized form

639
00:33:15.195 --> 00:33:18.075
and then find your required values for X.

640
00:33:19.235 --> 00:33:24.175
Okay, so one

641
00:33:24.175 --> 00:33:27.115
other thing we can do in the event

642
00:33:27.115 --> 00:33:29.595
that we can't convert a quadratic

643
00:33:29.695 --> 00:33:33.835
and expanded form into a factorized form,

644
00:33:34.175 --> 00:33:35.675
we can instead complete the square

645
00:33:36.255 --> 00:33:39.635
and this will convert it into stationary point form.

646
00:33:41.735 --> 00:33:46.395
So in general with a quadratic in the form X squared plus BX

647
00:33:46.395 --> 00:33:50.325
plus C, uh, give me a second.

648
00:33:52.655 --> 00:33:55.485
There's my mouse. Alright, so you have this

649
00:33:55.545 --> 00:33:59.855
and we want to convert it to uh, stationary point form.

650
00:33:59.875 --> 00:34:02.385
The first step that we have to do, we have

651
00:34:02.385 --> 00:34:06.175
to take the B term and we need to square it

652
00:34:07.325 --> 00:34:08.345
so we get B squared.

653
00:34:08.935 --> 00:34:09.745
Then what we do

654
00:34:10.005 --> 00:34:14.655
is, oh, no, no, no, sorry.

655
00:34:14.725 --> 00:34:17.815
Okay, so you, sorry, you take the B uh, B term,

656
00:34:18.275 --> 00:34:19.335
you divide it by two

657
00:34:19.915 --> 00:34:23.135
and then you take that entire expression and you square it.

658
00:34:23.765 --> 00:34:27.595
So that would look like I just draw it out.

659
00:34:27.595 --> 00:34:31.665
Here we have B over two squared.

660
00:34:32.955 --> 00:34:35.175
Uh, obviously simplifying that it leaves us

661
00:34:35.175 --> 00:34:36.455
with B squared over four.

662
00:34:36.805 --> 00:34:38.375
This is gonna be a very special term.

663
00:34:38.565 --> 00:34:40.655
What we have to do is we take this term

664
00:34:41.315 --> 00:34:45.375
and we add it to the right side and then also subtract it.

665
00:34:45.515 --> 00:34:49.695
So we'd write out X squared plus BX plus B squared over four

666
00:34:49.985 --> 00:34:52.095
minus B squared over four plus C.

667
00:34:53.625 --> 00:34:58.265
So that way we can use some magical properties

668
00:34:58.265 --> 00:35:01.185
of this term here, which we'll look into in the next line

669
00:35:01.185 --> 00:35:04.465
of working without actually changing the overall meaning

670
00:35:04.845 --> 00:35:06.105
of this expression.

671
00:35:06.105 --> 00:35:09.785
Here Y is still equal to this expression as it is equal

672
00:35:09.785 --> 00:35:10.825
to this expression here.

673
00:35:11.865 --> 00:35:15.845
Um, the next step is then

674
00:35:17.315 --> 00:35:19.575
to use one of the magical properties

675
00:35:19.595 --> 00:35:21.175
of this B squared over four term.

676
00:35:21.675 --> 00:35:25.405
It turns out when you add this term to uh,

677
00:35:25.885 --> 00:35:29.125
x squared plus bx, you get what's called a perfect square,

678
00:35:29.655 --> 00:35:31.965
which is something that can be expressed in

679
00:35:31.965 --> 00:35:33.085
this form right here.

680
00:35:33.585 --> 00:35:38.215
So x plus something squared, this is,

681
00:35:38.595 --> 00:35:40.655
you can see it's getting much closer now

682
00:35:40.655 --> 00:35:42.255
to the stationary point form.

683
00:35:43.095 --> 00:35:46.935
Remember that was Y equals A times open bracket X plus

684
00:35:47.975 --> 00:35:52.815
X minus B, close bracket squared plus uh, C.

685
00:35:54.365 --> 00:35:57.885
You can see it's conforming to that form a lot more now.

686
00:36:00.185 --> 00:36:04.645
So that's the first three terms there which get reduced into

687
00:36:04.915 --> 00:36:07.365
this expression here, X plus B over two squared.

688
00:36:08.075 --> 00:36:11.215
We are then just left with these terms here hanging on the

689
00:36:11.215 --> 00:36:14.135
outside, negative B squared over four plus C.

690
00:36:15.765 --> 00:36:19.755
Um, but again, you've gotta remember that

691
00:36:23.475 --> 00:36:24.715
B is a value here.

692
00:36:24.935 --> 00:36:28.555
So all of this you can simplify it to just some value.

693
00:36:29.645 --> 00:36:32.625
And so eventually when you do all that simplification,

694
00:36:32.625 --> 00:36:37.325
you'll end up with something in uh, stationary point form.

695
00:36:37.695 --> 00:36:39.045
We'll do some practice on this though,

696
00:36:39.225 --> 00:36:41.005
so you have a better idea of what I mean.

697
00:36:41.595 --> 00:36:43.015
So we need to express the following

698
00:36:43.015 --> 00:36:47.015
for in the form Y equals A times x, well

699
00:36:47.015 --> 00:36:49.015
that should be minus B squared plus C.

700
00:36:49.735 --> 00:36:51.195
That's the stationary point form.

701
00:36:51.295 --> 00:36:54.395
So we can do some practice on completing the square.

702
00:36:54.935 --> 00:36:59.285
The first thing we want to do is recognize

703
00:36:59.285 --> 00:37:00.405
what our B term is.

704
00:37:00.825 --> 00:37:01.845
That's negative six.

705
00:37:02.945 --> 00:37:06.885
So our first line of working will look like y equals

706
00:37:07.405 --> 00:37:10.605
X squared, uh, minus six x.

707
00:37:11.945 --> 00:37:15.995
Then we want to think about what B squared over four is.

708
00:37:16.015 --> 00:37:17.835
In this case we're doing negative six,

709
00:37:21.045 --> 00:37:23.435
um, well divided by two

710
00:37:23.455 --> 00:37:25.875
and then squared, which is the same as B squared over four,

711
00:37:26.675 --> 00:37:28.615
so negative six divided by two,

712
00:37:28.635 --> 00:37:30.375
that's gonna be negative three.

713
00:37:30.555 --> 00:37:32.295
And then we square that we're gonna get nine.

714
00:37:33.385 --> 00:37:37.765
So what we can write here is X squared minus six x plus nine

715
00:37:38.585 --> 00:37:41.665
minus nine, and then we've just got this

716
00:37:41.785 --> 00:37:42.865
minus one at the end there.

717
00:37:44.695 --> 00:37:48.205
All right. Now as we saw in the previous slide,

718
00:37:48.415 --> 00:37:52.245
these first three terms will reduce into a perfect square,

719
00:37:52.295 --> 00:37:56.605
which has the form X plus B over two in this case,

720
00:37:56.685 --> 00:37:58.365
B over two is negative six over two.

721
00:37:59.065 --> 00:38:03.225
So we have X minus six over two,

722
00:38:03.225 --> 00:38:05.865
which is three squared.

723
00:38:06.575 --> 00:38:08.635
And then we've just got these terms to deal with here,

724
00:38:08.845 --> 00:38:11.275
minus nine minus one, which simplifies to 10.

725
00:38:12.675 --> 00:38:17.245
So there we go. We've now expressed our quadratic, uh,

726
00:38:17.425 --> 00:38:18.685
in stationary point form.

727
00:38:19.105 --> 00:38:23.165
And just for the sake of completeness, the turning point

728
00:38:23.165 --> 00:38:27.245
of this quadratic here would be three and negative 10.

729
00:38:28.575 --> 00:38:31.875
So if we were to sketch this, it looks something like, uh,

730
00:38:32.025 --> 00:38:34.835
that we would have this point here, three and negative 10.

731
00:38:36.265 --> 00:38:39.705
Okay, so just

732
00:38:39.725 --> 00:38:43.015
to get a bit more practice with this, this time,

733
00:38:43.015 --> 00:38:45.095
we've got a number in front of the X squared term.

734
00:38:45.755 --> 00:38:46.895
Uh, you might think

735
00:38:46.895 --> 00:38:49.175
that it makes it a little bit more complicated to get

736
00:38:49.275 --> 00:38:53.095
to stationary point form, but actually it's really simple.

737
00:38:53.315 --> 00:38:55.455
All we do is we factor out that three term.

738
00:38:56.065 --> 00:38:58.925
So we get Y equals three, and then we open up a bracket

739
00:38:59.885 --> 00:39:02.105
and then we just factor out the three.

740
00:39:02.365 --> 00:39:05.345
So x squared times three will give us three x squared.

741
00:39:06.025 --> 00:39:10.565
Um, what else we've got negative two x

742
00:39:11.435 --> 00:39:13.785
times three will give us negative six x.

743
00:39:14.705 --> 00:39:18.105
And then we've got, what is that

744
00:39:19.295 --> 00:39:20.335
negative one over three?

745
00:39:21.245 --> 00:39:23.665
If we multiply that by three, then we get negative one.

746
00:39:24.175 --> 00:39:27.915
So we factor it out and then we just reduce this, uh,

747
00:39:27.925 --> 00:39:31.515
expression here into stationary point form.

748
00:39:31.855 --> 00:39:36.315
So we've got three x squared minus two x.

749
00:39:36.815 --> 00:39:41.375
Our B term here is now negative two, so we need

750
00:39:41.375 --> 00:39:44.935
to be thinking about negative two over two squared.

751
00:39:45.045 --> 00:39:47.095
What that's gonna be in this case,

752
00:39:47.415 --> 00:39:48.975
negative two over two is negative one.

753
00:39:48.975 --> 00:39:50.215
And then we square that we're gonna get one.

754
00:39:50.795 --> 00:39:53.485
So we'll write plus one

755
00:39:54.385 --> 00:39:57.415
minus one minus one third.

756
00:40:00.195 --> 00:40:03.685
Then again, we can use that little trick

757
00:40:03.775 --> 00:40:06.565
where we convert this into a perfect square.

758
00:40:06.745 --> 00:40:09.275
We get three open bracket.

759
00:40:09.335 --> 00:40:11.475
We wanna open another set of brackets just

760
00:40:11.475 --> 00:40:13.565
so we can write this, uh,

761
00:40:13.565 --> 00:40:15.605
expression involving three terms in a

762
00:40:15.605 --> 00:40:16.645
per as a perfect square.

763
00:40:17.445 --> 00:40:21.505
So we get X plus B over two

764
00:40:22.165 --> 00:40:25.665
in this case, B over two is negative

765
00:40:25.685 --> 00:40:26.985
one, negative two over two.

766
00:40:27.165 --> 00:40:29.885
So we write minus one squared,

767
00:40:30.625 --> 00:40:33.965
and then we've got the minus one minus one third hanging

768
00:40:33.985 --> 00:40:35.165
out on the edge there.

769
00:40:35.735 --> 00:40:39.395
So we'll simplify that into minus four over three.

770
00:40:41.115 --> 00:40:42.375
The last thing we want to do

771
00:40:42.955 --> 00:40:45.175
is just multiply out this three term,

772
00:40:45.675 --> 00:40:46.975
uh, out in the front here.

773
00:40:47.635 --> 00:40:50.735
So we get three open bracket X minus one squared,

774
00:40:51.275 --> 00:40:53.935
and then we also have three times negative four over a

775
00:40:53.935 --> 00:40:57.265
three, which is just gonna be gonna be canceling the threes.

776
00:40:57.265 --> 00:41:00.085
We get negative four. So there we go.

777
00:41:00.175 --> 00:41:03.765
We've now expressed this quadratic in, uh,

778
00:41:03.765 --> 00:41:04.965
stationary point form.

779
00:41:07.425 --> 00:41:11.245
Uh, the last thing we can do, so we've already looked at,

780
00:41:11.985 --> 00:41:16.765
uh, factorized a quadratic equation in expanded form

781
00:41:16.905 --> 00:41:18.445
to get it into factorized form.

782
00:41:19.055 --> 00:41:22.055
Uh, we've also looked at converting it

783
00:41:22.055 --> 00:41:24.415
to stationary point form by completing the square.

784
00:41:24.915 --> 00:41:28.535
The last thing we can do is use the quadratic formula.

785
00:41:30.395 --> 00:41:33.965
So this will directly give us the solutions for x, uh,

786
00:41:34.065 --> 00:41:35.845
and this will be very, very important.

787
00:41:35.905 --> 00:41:38.945
If you're given, uh, an equation like this,

788
00:41:40.315 --> 00:41:43.255
you can use those two other methods where you convert

789
00:41:43.255 --> 00:41:45.815
to factorized or stationary point form,

790
00:41:45.875 --> 00:41:47.695
or you can just directly use the quadratic formula.

791
00:41:48.645 --> 00:41:51.585
As you do more and more questions, you'll figure out which,

792
00:41:52.245 --> 00:41:55.665
uh, route is the best to take and saves the most time.

793
00:41:56.645 --> 00:41:59.105
So the way the quadratic formula works is

794
00:41:59.915 --> 00:42:01.245
it's this expression right here.

795
00:42:02.835 --> 00:42:05.535
Now, it's good habit to get into.

796
00:42:07.315 --> 00:42:08.925
Well, it's, it's good to get into the habit

797
00:42:08.925 --> 00:42:10.885
of remembering this formula just

798
00:42:10.885 --> 00:42:12.525
because you're gonna be using it a lot.

799
00:42:13.105 --> 00:42:16.685
And so it's better than frequently looking back at your, uh,

800
00:42:16.685 --> 00:42:20.425
formula sheet or something like that, which will end up, uh,

801
00:42:20.425 --> 00:42:21.985
wasting a lot of time in your sacks.

802
00:42:23.445 --> 00:42:28.315
Uh, so the way we use this, it's the same we,

803
00:42:28.505 --> 00:42:30.115
same way we use any other formula.

804
00:42:30.735 --> 00:42:34.595
We have our A term, B term, and C term in our quadratic.

805
00:42:35.015 --> 00:42:37.315
We just substitute those into this formula.

806
00:42:39.835 --> 00:42:43.225
Now, in terms of the way we get to this formula, like

807
00:42:43.225 --> 00:42:45.105
how it was discovered, you don't need to know this,

808
00:42:45.605 --> 00:42:47.745
but it's basically all this working on the right here.

809
00:42:48.905 --> 00:42:50.165
Uh, so if you are,

810
00:42:50.905 --> 00:42:53.795
if you're finding yourself more interested in the maths

811
00:42:53.795 --> 00:42:56.075
behind quadratics, then you can look into the way

812
00:42:56.075 --> 00:42:58.035
that's derived, but this is

813
00:42:58.035 --> 00:42:59.555
outside the scope of the study design.

814
00:42:59.555 --> 00:43:00.875
You don't need to know all those steps.

815
00:43:02.155 --> 00:43:05.225
Uh, okay, so we've got some practice using

816
00:43:05.225 --> 00:43:06.385
the quadratic formula here.

817
00:43:06.555 --> 00:43:10.145
We've got this equation here.

818
00:43:10.685 --> 00:43:14.305
FX equals two x squared minus four x minus three.

819
00:43:15.085 --> 00:43:17.345
Uh, FX just means function.

820
00:43:17.365 --> 00:43:21.505
So think of this just as y in this case,

821
00:43:21.505 --> 00:43:22.745
we're looking for the solutions.

822
00:43:23.005 --> 00:43:26.735
So we're looking for what happens when Y equals zero.

823
00:43:26.875 --> 00:43:29.135
So we've got zero equals two x squared

824
00:43:29.765 --> 00:43:31.395
minus four x minus three.

825
00:43:32.745 --> 00:43:36.615
So again, we could convert to factorized form

826
00:43:36.675 --> 00:43:40.015
by finding two numbers which multiplied to give the product

827
00:43:40.075 --> 00:43:41.215
of negative three and two.

828
00:43:41.215 --> 00:43:42.655
In this case, that's negative six

829
00:43:43.115 --> 00:43:44.495
and add to give negative four.

830
00:43:45.525 --> 00:43:47.265
In this case, I can't think of any two numbers.

831
00:43:47.445 --> 00:43:49.505
So that, uh, method is outta the question.

832
00:43:50.125 --> 00:43:53.245
We could also convert it into stationary point form.

833
00:43:54.395 --> 00:43:58.085
Uh, but in this case,

834
00:43:58.665 --> 00:44:00.765
the question is asking us to use the quadratic formula.

835
00:44:01.265 --> 00:44:03.285
So that's the method we're gonna use.

836
00:44:04.445 --> 00:44:07.505
So again, the quadratic formula looks like this

837
00:44:08.715 --> 00:44:10.195
negative B plus or minus the square root

838
00:44:10.195 --> 00:44:14.715
of B squared minus four AC all over

839
00:44:14.975 --> 00:44:18.105
to a, um,

840
00:44:19.985 --> 00:44:21.795
then we just start substituting in our numbers.

841
00:44:22.785 --> 00:44:27.575
So in this case, B is negative four, so we have X equal to

842
00:44:29.775 --> 00:44:33.575
negative, negative four plus

843
00:44:33.595 --> 00:44:36.935
or minus the square root of B squared,

844
00:44:36.935 --> 00:44:40.535
which is negative four squared minus four.

845
00:44:41.215 --> 00:44:44.725
We have a is equal to two, so we'll write two there.

846
00:44:45.105 --> 00:44:46.525
And then C is equal to negative three.

847
00:44:47.025 --> 00:44:48.915
So we'll write in three there.

848
00:44:50.045 --> 00:44:52.905
Uh, we'll end that square root all over two

849
00:44:52.905 --> 00:44:54.545
times a, which is two.

850
00:44:56.615 --> 00:44:59.075
Uh, we'll move our working up here.

851
00:44:59.775 --> 00:45:01.275
We can just start simplifying this.

852
00:45:01.735 --> 00:45:03.315
So I'm gonna skip a couple steps here.

853
00:45:03.315 --> 00:45:08.065
We've got four plus or minus four squared is 16.

854
00:45:09.215 --> 00:45:13.275
Uh, and then four times two times negative three.

855
00:45:14.965 --> 00:45:17.185
Uh, we've got this negative sign out front here as well.

856
00:45:17.245 --> 00:45:18.425
So that's gonna be positive.

857
00:45:18.855 --> 00:45:22.905
Four times two times three is four times six, which is 24.

858
00:45:23.365 --> 00:45:26.695
So we have 16 plus 24, which is,

859
00:45:28.055 --> 00:45:31.055
what is that four D?

860
00:45:34.725 --> 00:45:37.805
Um, we have that all over four.

861
00:45:39.045 --> 00:45:41.105
Now we can actually simplify this a little bit more.

862
00:45:41.995 --> 00:45:44.755
We've got four plus or minus 40.

863
00:45:44.855 --> 00:45:47.995
We can write this as actually, I'll do the working up here.

864
00:45:48.045 --> 00:45:51.295
We've got route 40. We can rewrite this as

865
00:45:52.165 --> 00:45:55.355
route four times, uh, 10,

866
00:45:57.665 --> 00:45:59.925
and then we can split up the square root sign.

867
00:45:59.925 --> 00:46:02.165
We get route four times route 10,

868
00:46:02.855 --> 00:46:04.925
which is just two times route 10.

869
00:46:06.085 --> 00:46:08.945
So what we can actually do is chuck a two out front here.

870
00:46:09.165 --> 00:46:10.985
We get 10 under the square root

871
00:46:10.985 --> 00:46:12.755
sign, and then we have a four.

872
00:46:13.775 --> 00:46:15.915
And then just dividing the top

873
00:46:15.915 --> 00:46:18.835
and bottom of the fraction by the common factor.

874
00:46:19.135 --> 00:46:21.595
That's the way we simplify our fractions.

875
00:46:21.595 --> 00:46:23.385
We get two plus

876
00:46:23.565 --> 00:46:27.655
or minus, uh, route 10 over two.

877
00:46:28.075 --> 00:46:30.215
So the final answer, you don't wanna keep it in this form,

878
00:46:30.215 --> 00:46:33.015
you wanna actually write it as it's two separate solutions.

879
00:46:33.015 --> 00:46:37.995
So we have X equals two plus route

880
00:46:38.095 --> 00:46:39.745
10 over two,

881
00:46:40.575 --> 00:46:45.325
and then we have X equals two minus, uh,

882
00:46:45.415 --> 00:46:47.905
route 10 over two.

883
00:46:50.205 --> 00:46:53.325
Okay. Um, all right, so there's the working there.

884
00:46:53.615 --> 00:46:55.645
Let's just make sure we've got the correct working.

885
00:46:56.515 --> 00:46:59.755
Yeah, there we go. X equals four plus

886
00:46:59.755 --> 00:47:01.235
or minus route 40 over four.

887
00:47:01.775 --> 00:47:02.795
And we've just gone ahead

888
00:47:02.795 --> 00:47:04.475
and simplified our answer a little bit more.

889
00:47:05.935 --> 00:47:08.675
All right, cool. Now

890
00:47:11.015 --> 00:47:13.515
the thing is, I did skip a few steps in my working here.

891
00:47:14.445 --> 00:47:17.865
You can see that, uh, especially going from,

892
00:47:18.685 --> 00:47:22.745
let me get my mouse back going from here to here.

893
00:47:23.465 --> 00:47:25.065
I did most of the working out in my head,

894
00:47:25.645 --> 00:47:28.425
but if you don't wanna make mistakes, you rarely want

895
00:47:28.425 --> 00:47:30.140
to make sure that you're, you're writing out all the,

896
00:47:30.705 --> 00:47:31.805
so, uh, all the steps.

897
00:47:33.675 --> 00:47:35.705
Sorry, if you, if you don't wanna make mistakes,

898
00:47:35.775 --> 00:47:37.185
make sure you write out every step.

899
00:47:38.725 --> 00:47:41.775
So that's that there. Okay,

900
00:47:42.275 --> 00:47:44.255
we have a different quadratic here.

901
00:47:44.255 --> 00:47:45.215
Is that a different quadratic?

902
00:47:46.115 --> 00:47:47.135
No, we have the same quadratic.

903
00:47:47.205 --> 00:47:49.055
Okay, we already did that. Uh, question.

904
00:47:49.855 --> 00:47:53.035
You can see the, the answers are in much

905
00:47:53.035 --> 00:47:54.275
more simplified form there.

906
00:47:56.895 --> 00:48:00.765
All right, so thinking about what this actually means,

907
00:48:01.515 --> 00:48:04.945
we're looking at what happens when the

908
00:48:05.465 --> 00:48:06.785
Y value is equal to zero.

909
00:48:06.785 --> 00:48:08.625
That's what we're using the quadratic formula for.

910
00:48:09.125 --> 00:48:12.305
And whether y value is zero, that means we're looking

911
00:48:12.325 --> 00:48:14.225
for the values at which the graph

912
00:48:14.285 --> 00:48:17.625
of this quadratic touches the x axis

913
00:48:17.625 --> 00:48:19.145
or intersects the x axis.

914
00:48:19.405 --> 00:48:20.905
That's where Y is equal to zero.

915
00:48:21.975 --> 00:48:25.555
Uh, in this case, what we ended up finding those two values,

916
00:48:26.215 --> 00:48:27.675
two plus route 10 over two

917
00:48:28.135 --> 00:48:30.075
and two minus route 10 over two,

918
00:48:30.615 --> 00:48:32.675
that's gonna give us the X intercepts.

919
00:48:33.875 --> 00:48:35.255
So that's something important to know.

920
00:48:35.695 --> 00:48:37.135
Whenever you're trying to sketch a quadratic,

921
00:48:37.925 --> 00:48:39.185
not only do you want to take down

922
00:48:39.185 --> 00:48:42.705
that face value information that you get, so in the case

923
00:48:42.705 --> 00:48:43.745
of expanded form,

924
00:48:44.245 --> 00:48:45.785
you can tell straight away the y

925
00:48:45.785 --> 00:48:47.065
intercept is gonna be at negative three.

926
00:48:47.085 --> 00:48:50.745
You can see that there, uh, in stationary point form,

927
00:48:50.745 --> 00:48:52.865
you'll know exactly where the turning point is straight

928
00:48:52.865 --> 00:48:55.385
away, uh, in factorized form, you'll know

929
00:48:55.385 --> 00:48:57.185
where the X intercepts are straight away.

930
00:48:58.925 --> 00:48:59.985
You also wanna be looking for

931
00:48:59.985 --> 00:49:02.265
that additional information like the X intercepts,

932
00:49:02.325 --> 00:49:05.065
the turning point, the axis of symmetry, all of that.

933
00:49:05.905 --> 00:49:09.005
So what we've looked at are three ways we can

934
00:49:09.795 --> 00:49:11.045
find those X intercepts

935
00:49:11.165 --> 00:49:13.725
or in general just find the solutions when Y is equal

936
00:49:13.725 --> 00:49:14.885
to zero for a quadratic.

937
00:49:16.855 --> 00:49:20.475
Uh, so that's basically what I went over there in terms

938
00:49:20.495 --> 00:49:23.395
of actually finding the turning point

939
00:49:24.015 --> 00:49:25.835
and axis of symmetry and stuff.

940
00:49:26.385 --> 00:49:27.575
We'll look at an example here.

941
00:49:27.575 --> 00:49:31.515
We've got x squared minus four x plus three straight away.

942
00:49:31.635 --> 00:49:33.075
The face value info is

943
00:49:33.075 --> 00:49:37.025
that the y intercept is at three, the x intercept.

944
00:49:37.645 --> 00:49:40.105
We can find that by setting Y equal to zero

945
00:49:40.105 --> 00:49:41.625
and then using one of those three methods.

946
00:49:42.685 --> 00:49:44.295
Uh, in this case,

947
00:49:44.295 --> 00:49:46.175
we're using the first method we're converting from

948
00:49:47.055 --> 00:49:48.535
expanded form to factorized form.

949
00:49:48.915 --> 00:49:50.335
So we've got X minus three

950
00:49:50.335 --> 00:49:52.735
and X minus one using the null factor.

951
00:49:52.765 --> 00:49:56.295
Theorem X is equal to theory or X is equal to one.

952
00:49:57.435 --> 00:49:59.735
The turning point is a little bit different here

953
00:50:00.885 --> 00:50:02.025
to find the turning point.

954
00:50:02.335 --> 00:50:05.625
When you have expanded form, what you do is

955
00:50:06.165 --> 00:50:09.105
you use a couple formulas or actually just one formula,

956
00:50:10.495 --> 00:50:13.515
and that formula is X equals negative B over two A.

957
00:50:13.515 --> 00:50:15.315
What this gives you is the X

958
00:50:15.315 --> 00:50:17.155
coordinate of the turning point.

959
00:50:18.935 --> 00:50:22.705
So in this case, the turning point is here, we know

960
00:50:22.705 --> 00:50:24.705
that it's the X coordinates gonna be positive,

961
00:50:25.085 --> 00:50:26.625
and the Y one is gonna be negative.

962
00:50:27.345 --> 00:50:29.645
And sure enough, when we use that formula, we find out

963
00:50:29.645 --> 00:50:31.605
that the X coordinate of the turning point is two.

964
00:50:33.355 --> 00:50:34.855
So you do that

965
00:50:34.915 --> 00:50:38.335
and then to find the corresponding Y coordinate

966
00:50:39.015 --> 00:50:41.235
or that particular X coordinate of two,

967
00:50:41.575 --> 00:50:43.675
you just substitute X equals two into the equation

968
00:50:44.335 --> 00:50:46.755
and you find the Y coordinate is negative one.

969
00:50:47.635 --> 00:50:50.055
So then you can definitively state

970
00:50:50.055 --> 00:50:52.775
that the turning point is at two and negative one.

971
00:50:53.645 --> 00:50:55.745
Now the axis of symmetry, it's just the line

972
00:50:56.355 --> 00:50:58.865
along which if you were to fold the parabola

973
00:50:58.865 --> 00:51:02.165
that you've got here in half, uh, it would fold

974
00:51:02.675 --> 00:51:03.925
perfectly along itself.

975
00:51:05.135 --> 00:51:08.515
So this is a line that's running through the turning point,

976
00:51:09.235 --> 00:51:12.175
uh, and you can use that information to deduce the fact

977
00:51:12.175 --> 00:51:16.055
that the axis of symmetry is given by the line X equals two.

978
00:51:16.875 --> 00:51:19.815
So that's gonna be a line running straight down here

979
00:51:20.025 --> 00:51:23.375
where every X value, uh, for any point along

980
00:51:23.375 --> 00:51:24.895
that line is going to be two.

981
00:51:27.995 --> 00:51:30.445
Okay. Now

982
00:51:31.755 --> 00:51:36.715
with factorized form, one thing you wanna remember is

983
00:51:38.385 --> 00:51:42.975
that if the factor is linear, so if you just have

984
00:51:43.535 --> 00:51:47.495
X minus sum number and there's no power on the outside,

985
00:51:48.345 --> 00:51:51.555
then the graph is going to cut through that point A.

986
00:51:52.055 --> 00:51:53.795
So you can see it's just cutting through the point.

987
00:51:54.915 --> 00:51:57.215
If it's squared though, the graph is going to

988
00:51:58.225 --> 00:52:00.735
touch the point and then start heading back

989
00:52:00.735 --> 00:52:01.775
the same way it came from.

990
00:52:02.315 --> 00:52:03.895
In this case, it's coming down from the top.

991
00:52:04.035 --> 00:52:06.975
It touches at the point A along the X axis,

992
00:52:07.235 --> 00:52:08.495
and then it starts heading back up.

993
00:52:09.765 --> 00:52:12.465
If it's raised to the third power, which we'll start

994
00:52:12.465 --> 00:52:14.725
to look into that now, uh,

995
00:52:15.345 --> 00:52:18.205
you are gonna have what's called a point of inflection,

996
00:52:18.575 --> 00:52:22.305
which is where it runs into the point it curves and curves.

997
00:52:22.645 --> 00:52:25.905
And then at one point it's traveling parallel to the line,

998
00:52:26.445 --> 00:52:28.065
uh, parallel to the X axis,

999
00:52:28.885 --> 00:52:31.065
but then it starts curving away again

1000
00:52:31.325 --> 00:52:33.105
and heading back in the same direction.

1001
00:52:34.225 --> 00:52:35.635
This is called a point of inflection.

1002
00:52:35.855 --> 00:52:36.955
You don't need to know that though.

1003
00:52:37.505 --> 00:52:41.715
Just make sure you know that based on the power

1004
00:52:41.715 --> 00:52:43.675
that the factor is raised to make sure you know

1005
00:52:44.095 --> 00:52:45.955
how the graph is gonna interact

1006
00:52:46.115 --> 00:52:48.715
with the x axis at that particular point.

1007
00:52:50.725 --> 00:52:53.755
Okay? Now we're gonna talk about this

1008
00:52:53.755 --> 00:52:54.875
thing called the discriminant.

1009
00:52:54.895 --> 00:52:56.875
You may not or may not have covered this before,

1010
00:52:57.935 --> 00:53:02.115
but basically the discriminant is really useful

1011
00:53:02.115 --> 00:53:05.595
because it can help us better understand the shape of

1012
00:53:06.495 --> 00:53:09.925
the parabola, uh, for any that corresponds

1013
00:53:09.925 --> 00:53:11.045
to any quadratic equation.

1014
00:53:11.925 --> 00:53:13.505
So if we look at the quadratic formula,

1015
00:53:14.245 --> 00:53:15.545
we can make some observations.

1016
00:53:17.195 --> 00:53:21.045
This B squared minus four AC term is under a square root,

1017
00:53:21.215 --> 00:53:23.745
which means it can't be negative.

1018
00:53:24.145 --> 00:53:26.225
'cause remember, if we have a negative number

1019
00:53:26.285 --> 00:53:28.705
inside a square root, there's no solution to it.

1020
00:53:28.765 --> 00:53:30.745
You can't find two numbers that multiply

1021
00:53:30.765 --> 00:53:31.945
to give a negative number.

1022
00:53:33.455 --> 00:53:38.155
So what this means then is

1023
00:53:39.885 --> 00:53:44.205
if we have a positive number under the square root, then

1024
00:53:45.005 --> 00:53:47.845
we're gonna end up with some solutions, uh,

1025
00:53:48.065 --> 00:53:49.325
two solutions for X.

1026
00:53:50.175 --> 00:53:53.405
So either we're gonna have B plus,

1027
00:53:53.585 --> 00:53:56.125
and then this expression square root B squared minus four

1028
00:53:56.125 --> 00:53:57.205
AC all over two A.

1029
00:53:57.825 --> 00:54:01.245
Or our second solution is gonna be B minus square root,

1030
00:54:01.325 --> 00:54:06.175
B squared minus four AC all over two A, uh,

1031
00:54:07.285 --> 00:54:10.845
if it's actually,

1032
00:54:10.845 --> 00:54:12.285
we'll go into that a little bit later.

1033
00:54:12.355 --> 00:54:14.365
Yeah. So this, this expression here,

1034
00:54:14.445 --> 00:54:16.765
B squared minus four ac, it's called the discriminant,

1035
00:54:17.545 --> 00:54:21.245
and we give it the, uh, symbol delta,

1036
00:54:21.735 --> 00:54:23.045
which just looks like a triangle.

1037
00:54:24.915 --> 00:54:28.445
Okay? Yeah. So if this expression is greater than zero,

1038
00:54:28.545 --> 00:54:29.725
we get two solutions.

1039
00:54:29.755 --> 00:54:33.325
Like I just said, if it's equal to zero, then

1040
00:54:34.575 --> 00:54:36.355
the plus or minus doesn't really matter.

1041
00:54:36.775 --> 00:54:38.315
We just end up with one solution.

1042
00:54:38.495 --> 00:54:41.435
So X equals negative B over two A, that's it.

1043
00:54:41.435 --> 00:54:42.435
That's the only solution.

1044
00:54:43.545 --> 00:54:46.405
If though the discriminant is less than zero,

1045
00:54:47.195 --> 00:54:49.005
then we don't get any solutions

1046
00:54:49.035 --> 00:54:50.565
because remember,

1047
00:54:50.565 --> 00:54:53.165
if this number under the square root is negative,

1048
00:54:53.755 --> 00:54:55.445
then there's no solutions.

1049
00:54:55.625 --> 00:54:58.225
So we won't have any solutions for x.

1050
00:54:58.285 --> 00:55:02.405
In general, we can think about this graphically as well.

1051
00:55:03.505 --> 00:55:05.525
If we have no solutions for X,

1052
00:55:05.625 --> 00:55:09.285
and remember, the quadratic formula is giving us the value

1053
00:55:09.305 --> 00:55:10.965
of X when Y equals zero.

1054
00:55:11.305 --> 00:55:13.045
So if we have no solutions for X,

1055
00:55:13.645 --> 00:55:15.415
then the discriminant is less than zero,

1056
00:55:15.915 --> 00:55:19.365
and that means that there's gonna be no X value

1057
00:55:19.475 --> 00:55:20.765
when Y is equal to zero.

1058
00:55:21.325 --> 00:55:22.545
So that looks something like this.

1059
00:55:22.815 --> 00:55:25.505
When Y equals zero, you can see the graph doesn't intersect

1060
00:55:25.505 --> 00:55:27.185
that point, there's no X value.

1061
00:55:28.235 --> 00:55:31.855
If though we have the discriminant equal to zero, then

1062
00:55:33.195 --> 00:55:35.985
we're gonna have the parabola just touching the X axis,

1063
00:55:36.405 --> 00:55:38.265
not necessarily at the origin like it

1064
00:55:38.265 --> 00:55:39.385
is in this diagram here.

1065
00:55:40.065 --> 00:55:43.525
Uh, it could be touching anywhere along the X axis at

1066
00:55:43.525 --> 00:55:45.565
that particular solution that we find for x.

1067
00:55:46.225 --> 00:55:50.135
If though the discriminant is greater than zero, then

1068
00:55:50.365 --> 00:55:53.295
that means we get two values for x when Y is equal to zero.

1069
00:55:53.475 --> 00:55:55.175
So we're gonna have this lower value here

1070
00:55:55.175 --> 00:55:56.335
and this upper value here.

1071
00:55:58.315 --> 00:56:01.345
So y is this useful though, right?

1072
00:56:01.975 --> 00:56:03.985
Like sure, you, you know this information about

1073
00:56:03.985 --> 00:56:06.425
how the graph looks, but in the end you're gonna have

1074
00:56:06.425 --> 00:56:07.865
to look for the X intercepts

1075
00:56:07.865 --> 00:56:09.385
and Y intercepts anyways, right?

1076
00:56:10.195 --> 00:56:12.575
But the thing is, sometimes you get questions like this

1077
00:56:12.825 --> 00:56:16.215
where you have to find the values of M for which the graph

1078
00:56:16.235 --> 00:56:20.495
of Y equals FX has exactly one x intercept.

1079
00:56:21.395 --> 00:56:22.775
So I'll get my pen out here.

1080
00:56:24.445 --> 00:56:26.935
This is where we can use that idea of the discriminant.

1081
00:56:27.435 --> 00:56:31.855
So first off, we want one x intercept.

1082
00:56:32.155 --> 00:56:35.515
We know that that means

1083
00:56:35.515 --> 00:56:37.515
that the discrimin is gonna be equal to zero.

1084
00:56:38.375 --> 00:56:40.795
So the first thing we want to do is find the

1085
00:56:41.645 --> 00:56:43.315
value of the discriminant.

1086
00:56:43.775 --> 00:56:45.915
In this case, it doesn't take a particular value.

1087
00:56:46.065 --> 00:56:48.435
It's gonna take an expression on,

1088
00:56:48.505 --> 00:56:50.315
it's gonna take on the form of an expression.

1089
00:56:50.415 --> 00:56:53.715
In terms of M, so remember the discriminant is B

1090
00:56:53.715 --> 00:56:54.835
squared minus four ac.

1091
00:56:55.765 --> 00:56:57.745
In this case the B value is M.

1092
00:56:58.045 --> 00:57:02.225
So we get M squared minus four times a,

1093
00:57:02.225 --> 00:57:05.265
which is one, and C, which is four.

1094
00:57:06.145 --> 00:57:08.165
So four times one times four,

1095
00:57:11.135 --> 00:57:14.715
that's gonna give us m squared minus 16.

1096
00:57:15.425 --> 00:57:18.895
Okay? Now we require,

1097
00:57:23.365 --> 00:57:25.505
uh, the discriminant to be equal to zero.

1098
00:57:26.325 --> 00:57:30.945
So therefore we have zero equal to our expression

1099
00:57:30.945 --> 00:57:34.005
for the discriminant M squared minus 16.

1100
00:57:35.875 --> 00:57:39.575
Um, we can just do some simple rearranging and solve for M.

1101
00:57:40.385 --> 00:57:44.245
So adding 16 to both sides, we get 16 equals M squared.

1102
00:57:45.135 --> 00:57:47.835
Uh, and then we take the square root of both sides.

1103
00:57:48.915 --> 00:57:52.515
M is equal to plus or minus the square root of 16.

1104
00:57:52.655 --> 00:57:54.115
So plus or minus four.

1105
00:57:54.865 --> 00:57:55.885
Um, always make sure

1106
00:57:56.085 --> 00:57:57.925
whenever you are taking the square root of something

1107
00:57:57.925 --> 00:57:59.525
that you put the plus or minus signs

1108
00:58:00.685 --> 00:58:03.225
and yeah, that's our answer there.

1109
00:58:03.405 --> 00:58:06.545
So again, we don't wanna leave our answer in this form.

1110
00:58:06.565 --> 00:58:08.705
We wanna say M is equal to four,

1111
00:58:09.605 --> 00:58:12.465
or m is equal to negative four.

1112
00:58:13.375 --> 00:58:14.835
So that's our final answer there.

1113
00:58:16.665 --> 00:58:20.925
So what we've done is we've found the values of m if we were

1114
00:58:20.925 --> 00:58:24.205
to substitute these values in, then the graph

1115
00:58:24.205 --> 00:58:29.155
of the resulting quadratic would look something like that.

1116
00:58:29.885 --> 00:58:32.415
It's gonna just touch the x axis at the value,

1117
00:58:33.585 --> 00:58:34.805
uh, at whatever value.

1118
00:58:34.875 --> 00:58:36.845
It's not necessarily, uh, at four.

1119
00:58:37.805 --> 00:58:42.705
So this would be the graph of y equals x squared plus four x

1120
00:58:43.465 --> 00:58:45.035
plus uh, four.

1121
00:58:46.475 --> 00:58:49.565
Okay, so that's us done with polynomials

1122
00:58:49.585 --> 00:58:50.805
and linear relations.

1123
00:58:51.415 --> 00:58:53.205
We're now gonna move onto something

1124
00:58:54.105 --> 00:58:55.205
almost completely different.

1125
00:58:55.205 --> 00:58:56.685
We're gonna look at transformations.

1126
00:58:57.305 --> 00:59:01.255
So basically the idea behind transformations is

1127
00:59:01.805 --> 00:59:05.695
that you can manipulate the equation of a graph.

1128
00:59:06.395 --> 00:59:08.295
So say we have the graph of a quadratic,

1129
00:59:08.325 --> 00:59:09.695
like we've got in front of us here,

1130
00:59:10.465 --> 00:59:13.965
and we multiply the entire equation by two.

1131
00:59:15.125 --> 00:59:17.055
What would that do to the resulting graph?

1132
00:59:17.835 --> 00:59:19.055
How would it transform?

1133
00:59:19.315 --> 00:59:22.165
So that's what we're gonna be looking at as well as

1134
00:59:22.265 --> 00:59:25.005
how do we apply transformations to a particular graph

1135
00:59:25.005 --> 00:59:27.805
that we want to transform in a particular way.

1136
00:59:29.125 --> 00:59:31.585
Now, there's three different types of transformations.

1137
00:59:32.235 --> 00:59:35.055
The first you can see on the left there is reflections.

1138
00:59:35.315 --> 00:59:39.855
So this is where you, uh, you have the graph

1139
00:59:40.765 --> 00:59:43.185
and you have a particular axis that you're reflecting on.

1140
00:59:43.605 --> 00:59:45.185
And so you basically just take the graph

1141
00:59:45.185 --> 00:59:47.425
and you flip it onto the other side of that axis.

1142
00:59:47.955 --> 00:59:51.015
That's reflections. The second is dilations.

1143
00:59:51.555 --> 00:59:56.395
So with dilations, it's essentially stretching

1144
00:59:56.495 --> 01:00:00.595
or squeezing the graph, uh, again, along a particular axis.

1145
01:00:02.065 --> 01:00:05.685
And then the final form of transformation is translation,

1146
01:00:05.695 --> 01:00:08.765
where you're taking that graph and you are not stretching

1147
01:00:08.765 --> 01:00:11.765
or squeezing or flipping it, you're just moving the graph

1148
01:00:11.945 --> 01:00:14.525
to a different part of the Cartesian plane.

1149
01:00:15.955 --> 01:00:19.235
So first of all, we have to understand

1150
01:00:20.445 --> 01:00:23.575
what it is that we are doing to the equation

1151
01:00:24.115 --> 01:00:25.695
of a particular graph

1152
01:00:27.435 --> 01:00:29.165
with these transformations.

1153
01:00:29.345 --> 01:00:32.475
So with the dilation, we're always dilating

1154
01:00:32.495 --> 01:00:33.555
by a particular factor.

1155
01:00:33.685 --> 01:00:36.515
First of all, it could be, you know,

1156
01:00:36.595 --> 01:00:37.635
a number like two or three.

1157
01:00:38.295 --> 01:00:41.915
And if we're dilating by a factor of two, that means that

1158
01:00:42.895 --> 01:00:47.605
the uh, graph is going to get stretched by a factor of two.

1159
01:00:47.665 --> 01:00:50.445
So it's gonna basically double in length,

1160
01:00:50.665 --> 01:00:51.845
if you wanna think of it that way.

1161
01:00:54.295 --> 01:00:56.515
You can also dilate by a fraction.

1162
01:00:57.345 --> 01:00:59.565
So if a factor is like half, then

1163
01:00:59.565 --> 01:01:03.945
that means we're squishing the graph in by a factor of two,

1164
01:01:04.905 --> 01:01:06.065
'cause one over two half.

1165
01:01:08.415 --> 01:01:11.435
One thing you wanna know about each of these forms

1166
01:01:11.435 --> 01:01:12.875
of transformations is

1167
01:01:14.405 --> 01:01:16.905
how it's gonna affect either the X or Y values.

1168
01:01:17.125 --> 01:01:21.065
So if we dilate by a factor from the y axis, so

1169
01:01:21.065 --> 01:01:25.115
that's the axis going vertically across the screen, uh,

1170
01:01:26.055 --> 01:01:27.945
then we need to think about what that means.

1171
01:01:28.045 --> 01:01:29.145
It essentially means we're

1172
01:01:29.145 --> 01:01:30.505
stretching the graph out this way.

1173
01:01:30.675 --> 01:01:33.185
We're dilating it away from the Y axis.

1174
01:01:34.205 --> 01:01:37.545
So what ends up happening is each point along the graph

1175
01:01:37.555 --> 01:01:40.105
moves horizontally 'cause we're stretching,

1176
01:01:40.285 --> 01:01:42.465
but it doesn't move vertically, which means

1177
01:01:42.625 --> 01:01:46.355
that the X values are going to change, but not the y values.

1178
01:01:46.645 --> 01:01:48.355
We'll get into more of what it actually means

1179
01:01:48.375 --> 01:01:51.355
for the X values to change, uh, later.

1180
01:01:52.265 --> 01:01:54.725
But just know if you're dilating in the Y axis,

1181
01:01:54.785 --> 01:01:55.885
the X values change.

1182
01:01:56.185 --> 01:01:58.525
And then similarly, if you're dilating from the X axis,

1183
01:01:58.875 --> 01:02:02.205
then every y value, uh, along

1184
01:02:03.175 --> 01:02:07.085
every every point y value on the graph is gonna change.

1185
01:02:07.085 --> 01:02:09.005
Because if we're dialing from the X axis,

1186
01:02:09.005 --> 01:02:10.045
we're gonna be stretching.

1187
01:02:10.545 --> 01:02:12.885
So every point's gonna be moving vertically

1188
01:02:12.905 --> 01:02:14.045
but not horizontally.

1189
01:02:15.545 --> 01:02:17.325
Uh, reflections are pretty similar

1190
01:02:17.905 --> 01:02:19.685
if you reflect in the the y axis.

1191
01:02:20.025 --> 01:02:22.045
So again, thinking about what that means graphically,

1192
01:02:22.045 --> 01:02:23.205
you've got the Y axis here.

1193
01:02:23.835 --> 01:02:26.815
We have a graph here, and we reflect in the Y axis.

1194
01:02:27.435 --> 01:02:29.895
So all those y values, how far up

1195
01:02:29.895 --> 01:02:31.255
or down it is stay the same,

1196
01:02:31.875 --> 01:02:34.135
but those X values get inverted.

1197
01:02:35.175 --> 01:02:36.795
Uh, and that's the same thing with the X axis.

1198
01:02:36.795 --> 01:02:40.315
We have the x axis here, we're reflecting there, uh, in

1199
01:02:40.315 --> 01:02:43.695
that axis, then the X values are gonna stay the same.

1200
01:02:43.795 --> 01:02:45.415
But the y values getting inverted

1201
01:02:47.335 --> 01:02:48.655
translations are different.

1202
01:02:48.845 --> 01:02:50.975
They're much more intuitive in the sense

1203
01:02:50.975 --> 01:02:54.095
that if you translate in a particular direction in a

1204
01:02:54.095 --> 01:02:56.615
particular axis, then you're gonna affect

1205
01:02:56.615 --> 01:02:58.855
that axis, uh, values.

1206
01:02:59.435 --> 01:03:03.135
So if we were to translate a graph up

1207
01:03:03.715 --> 01:03:06.405
or down, then the Y values are going

1208
01:03:06.405 --> 01:03:08.165
to get affected and it's very intuitive.

1209
01:03:08.585 --> 01:03:10.645
And the same thing with the X direction.

1210
01:03:10.645 --> 01:03:13.805
If we, uh, translate a graph left

1211
01:03:13.865 --> 01:03:16.805
or right, then it's gonna affect the X values

1212
01:03:16.945 --> 01:03:18.005
but not the Y values.

1213
01:03:19.885 --> 01:03:23.415
Okay? So keep that in mind, dilations and reflections.

1214
01:03:24.255 --> 01:03:28.435
If you perform it in one axis, the other, uh, axis set

1215
01:03:28.435 --> 01:03:31.195
of values get affected, whereas translation,

1216
01:03:31.625 --> 01:03:32.715
it's the same axis.

1217
01:03:34.715 --> 01:03:37.295
Uh, I've just got a quick question for you all here

1218
01:03:37.295 --> 01:03:38.415
that you can kind of think about.

1219
01:03:39.355 --> 01:03:42.655
Why do we generally do translations after dilations

1220
01:03:42.675 --> 01:03:44.335
and reflections when transforming?

1221
01:03:45.215 --> 01:03:46.675
Um, now I think this question is good

1222
01:03:46.675 --> 01:03:48.995
because it'll give us an opportunity to

1223
01:03:49.775 --> 01:03:51.675
really visualize this a little bit better.

1224
01:03:52.055 --> 01:03:56.665
So there's this rule of thumb in when it comes

1225
01:03:56.665 --> 01:04:00.585
to transformations that you want to do dilations,

1226
01:04:01.895 --> 01:04:04.985
then reflections, and then finally transformations.

1227
01:04:04.985 --> 01:04:06.665
We'll get into that in the next slide,

1228
01:04:07.505 --> 01:04:10.725
but it's always this order and not the other way around.

1229
01:04:12.155 --> 01:04:13.295
The reason for that is

1230
01:04:13.295 --> 01:04:17.255
because if we just take a random graph,

1231
01:04:17.545 --> 01:04:21.035
let's say we have this kind of graph here

1232
01:04:21.035 --> 01:04:23.475
where it's just a scribble in the top

1233
01:04:23.475 --> 01:04:24.555
right half of the graph.

1234
01:04:25.655 --> 01:04:29.285
Um, if we dilate that,

1235
01:04:30.025 --> 01:04:32.485
so let's say we're stretching it away from the Y axis,

1236
01:04:32.715 --> 01:04:33.845
it's gonna look something like that.

1237
01:04:34.545 --> 01:04:38.815
That's where we get to and then we translate it.

1238
01:04:42.645 --> 01:04:47.245
Then we can kind of generally in our head think about

1239
01:04:47.995 --> 01:04:49.885
what the resulting shape is going to be.

1240
01:04:50.425 --> 01:04:52.885
So first we do the dilation and then the transformation,

1241
01:04:53.345 --> 01:04:55.045
but if we were to translate it first

1242
01:04:55.625 --> 01:04:56.805
and then do the dilation,

1243
01:04:57.395 --> 01:04:58.765
then it would be a little bit tough.

1244
01:04:59.795 --> 01:05:03.545
Let's say instead that we've got the same graph,

1245
01:05:05.815 --> 01:05:08.445
let's say that we translate it in the direction

1246
01:05:08.445 --> 01:05:09.765
of the x axis first,

1247
01:05:11.255 --> 01:05:14.115
or in the direction of the Y axi along the x axis,

1248
01:05:14.115 --> 01:05:15.715
but in the direction of the Y axis.

1249
01:05:15.975 --> 01:05:19.315
So we move it this way, way, we're gonna end up

1250
01:05:19.315 --> 01:05:22.045
with something like that

1251
01:05:23.355 --> 01:05:25.015
and then dilating.

1252
01:05:25.015 --> 01:05:27.655
That is gonna get very confusing for us to keep track of,

1253
01:05:27.655 --> 01:05:31.215
especially, especially for bigger, more complex graphs

1254
01:05:31.215 --> 01:05:32.255
that you might encounter.

1255
01:05:33.495 --> 01:05:35.265
It's just gen generally easier

1256
01:05:35.365 --> 01:05:39.025
to understand the dilation if it's done first.

1257
01:05:39.205 --> 01:05:40.465
So the answer here is D.

1258
01:05:41.225 --> 01:05:44.235
Another valid answer though, translations are affected

1259
01:05:44.415 --> 01:05:45.955
by the other transformation.

1260
01:05:46.955 --> 01:05:48.415
So the answer is also B.

1261
01:05:49.715 --> 01:05:54.705
And you can see that because if we do a dilation

1262
01:05:55.325 --> 01:05:59.735
and then a transformation, the dilation doesn't get affected

1263
01:05:59.755 --> 01:06:00.815
by that transformation.

1264
01:06:01.595 --> 01:06:04.575
But if we do the translation first, then

1265
01:06:05.155 --> 01:06:06.575
the dilation ends up with

1266
01:06:06.835 --> 01:06:08.175
and then the dilation, we end up

1267
01:06:08.175 --> 01:06:09.335
with a completely different graph.

1268
01:06:11.375 --> 01:06:12.555
So that's the order there.

1269
01:06:12.555 --> 01:06:14.915
Dilations, reflections, translations,

1270
01:06:17.115 --> 01:06:18.895
and there's the reason

1271
01:06:18.915 --> 01:06:21.095
for why it is we already went over that.

1272
01:06:22.965 --> 01:06:27.055
Okay, so let's say we have an equation.

1273
01:06:27.505 --> 01:06:30.495
Let's say we have Y equals x squared plus four

1274
01:06:31.875 --> 01:06:35.425
and we want to perform a translation,

1275
01:06:36.045 --> 01:06:38.865
or we want not just a translation, we want to perform a

1276
01:06:39.885 --> 01:06:41.105
transformation on it.

1277
01:06:41.485 --> 01:06:45.685
So what we do is we use the coordinate method.

1278
01:06:47.245 --> 01:06:48.655
This method is really good

1279
01:06:48.655 --> 01:06:51.335
because it'll allow you to set out the steps

1280
01:06:51.955 --> 01:06:54.575
and just show very thorough working out.

1281
01:06:54.585 --> 01:06:56.855
It'll allow for no room of error when it comes

1282
01:06:56.875 --> 01:06:58.335
to successfully performing.

1283
01:06:58.335 --> 01:07:00.535
The transformation on that graph

1284
01:07:00.535 --> 01:07:02.375
of y equals x squared plus four.

1285
01:07:03.965 --> 01:07:07.835
So the first thing that in it involves is

1286
01:07:08.485 --> 01:07:10.075
specifying your translation.

1287
01:07:11.105 --> 01:07:12.925
Uh, in this form right here.

1288
01:07:13.265 --> 01:07:16.855
So we have first of all, X comma y.

1289
01:07:17.405 --> 01:07:22.375
This is basically representing every point on

1290
01:07:22.375 --> 01:07:24.215
the original graph, the graph

1291
01:07:24.215 --> 01:07:25.695
that hasn't been transformed yet.

1292
01:07:26.415 --> 01:07:30.955
So let's say we have Y equals x

1293
01:07:30.955 --> 01:07:31.995
squared plus four.

1294
01:07:32.485 --> 01:07:35.195
Every point along that graph, we're expressing it

1295
01:07:35.845 --> 01:07:38.435
using this notation here, XY.

1296
01:07:39.895 --> 01:07:43.985
Then if we want to perform a dilation A, so a dilation

1297
01:07:43.985 --> 01:07:45.545
of factor A from the y axis

1298
01:07:46.155 --> 01:07:48.775
and a dilation of factor B from the X axis,

1299
01:07:49.575 --> 01:07:52.005
we're then taking every point on that graph

1300
01:07:52.105 --> 01:07:54.205
and we're multiplying it by that factor.

1301
01:07:55.565 --> 01:07:57.545
So we get a Xa BY.

1302
01:07:58.275 --> 01:07:59.965
Then if we want to reflect it in the X

1303
01:07:59.965 --> 01:08:04.725
and Y axis, we put a negative sign out the front

1304
01:08:05.665 --> 01:08:07.645
and that'll invert every value.

1305
01:08:07.705 --> 01:08:10.445
And so you'll get a reflection in the x axis

1306
01:08:10.445 --> 01:08:11.645
and the Y axis as well.

1307
01:08:12.105 --> 01:08:16.485
And then the final thing is if you want to translate by um,

1308
01:08:17.455 --> 01:08:20.675
an amount C up and an amount D, right?

1309
01:08:21.335 --> 01:08:23.955
Or in the K event that you want to translate down

1310
01:08:23.975 --> 01:08:27.395
and left, you would do uh, minus D and minus C.

1311
01:08:28.785 --> 01:08:31.575
So you can pick

1312
01:08:31.575 --> 01:08:33.455
and choose which transformations you wanna do.

1313
01:08:33.835 --> 01:08:36.615
Say I just wanted to dilate from by a factor A

1314
01:08:37.195 --> 01:08:39.535
and then move the graph D units, right?

1315
01:08:39.605 --> 01:08:42.355
Then that would look like x comma y.

1316
01:08:42.355 --> 01:08:43.675
First we do our dilation.

1317
01:08:44.475 --> 01:08:48.915
So remember, uh, a dilation from the e, uh,

1318
01:08:48.915 --> 01:08:50.355
from the Y axis affects the X values.

1319
01:08:50.975 --> 01:08:54.685
So we have a X, Y,

1320
01:08:55.505 --> 01:08:57.885
and then we translate D units to the right.

1321
01:08:58.065 --> 01:09:01.755
So we get ax plus

1322
01:09:02.355 --> 01:09:06.275
DY, that's our, uh,

1323
01:09:07.285 --> 01:09:08.935
well that's the end of our working there.

1324
01:09:09.815 --> 01:09:14.225
What this final set of coordinates gives us here is

1325
01:09:14.915 --> 01:09:17.105
every point on the transformed graph,

1326
01:09:18.115 --> 01:09:20.735
but how do we find the equation of that transformed graph?

1327
01:09:20.735 --> 01:09:23.645
Given this information, what we then do,

1328
01:09:24.025 --> 01:09:27.485
and I'll just get rid of my scribbles here,

1329
01:09:29.195 --> 01:09:30.655
uh, there we go.

1330
01:09:33.055 --> 01:09:37.315
So what we do is we first

1331
01:09:38.095 --> 01:09:42.785
try to label every coordinate

1332
01:09:44.515 --> 01:09:46.655
on the transformed graph.

1333
01:09:47.905 --> 01:09:50.455
We're gonna label it x dash and y dash.

1334
01:09:51.205 --> 01:09:54.185
And so because we've done all of this working here to show

1335
01:09:54.375 --> 01:09:58.105
what the coordinates of the transformed graph are in terms

1336
01:09:58.125 --> 01:10:01.145
of our original points XY,

1337
01:10:01.765 --> 01:10:04.225
we actually get two expressions that we can form.

1338
01:10:04.725 --> 01:10:05.745
So the X coordinate

1339
01:10:05.745 --> 01:10:08.665
of the transformed graph is negative ax plus D.

1340
01:10:09.205 --> 01:10:11.825
The Y coordinate is negative BY plus C.

1341
01:10:13.685 --> 01:10:17.565
The only thing is we need to, we have the

1342
01:10:18.645 --> 01:10:21.325
equation of the original graph, uh,

1343
01:10:21.745 --> 01:10:24.765
and we need to substitute some, some kind

1344
01:10:24.765 --> 01:10:27.605
of expression in which gives us the equation

1345
01:10:27.625 --> 01:10:28.765
of the transformed graph.

1346
01:10:29.185 --> 01:10:31.125
But the issue is with our original equation,

1347
01:10:31.235 --> 01:10:33.645
it's expressed in terms of X and Y.

1348
01:10:34.505 --> 01:10:38.605
Uh, but these equations here, we've got x dash

1349
01:10:38.705 --> 01:10:40.845
and y dash isolated on one side,

1350
01:10:40.845 --> 01:10:41.565
and then we've got an

1351
01:10:41.565 --> 01:10:42.805
expression for each of them on the right.

1352
01:10:43.265 --> 01:10:45.725
So what we actually have to do is rearrange these

1353
01:10:46.275 --> 01:10:50.365
expressions so that we get X and Y on one side

1354
01:10:50.945 --> 01:10:54.085
and then uh, some expression in terms of X dash

1355
01:10:54.145 --> 01:10:56.085
and in terms of Y dash on the other side,

1356
01:10:57.195 --> 01:10:58.455
we can then take this

1357
01:10:58.595 --> 01:11:02.965
and substitute it successfully back into our, uh, original

1358
01:11:03.925 --> 01:11:07.975
equation and that'll look something like that.

1359
01:11:09.045 --> 01:11:10.935
Okay, so we've got an opportunity here

1360
01:11:10.935 --> 01:11:12.935
to practice the coordinate method a little bit.

1361
01:11:14.055 --> 01:11:18.995
Uh, say we have a graph, uh, y equals one over x

1362
01:11:19.535 --> 01:11:21.755
and we have this set of transformations.

1363
01:11:22.745 --> 01:11:25.365
We then need to state the transformed function G of X.

1364
01:11:26.335 --> 01:11:29.465
So what we're gonna do is,

1365
01:11:31.395 --> 01:11:34.635
first of all, we need to condense all

1366
01:11:34.715 --> 01:11:37.795
of these steps down into the notation

1367
01:11:37.795 --> 01:11:38.795
that we discussed earlier.

1368
01:11:39.015 --> 01:11:42.435
So we start off with x, Y, uh,

1369
01:11:43.485 --> 01:11:46.835
we're dilating by a factor of two from the y axis

1370
01:11:47.515 --> 01:11:49.295
and a factor of six from the x axis.

1371
01:11:49.835 --> 01:11:50.915
So that would look like,

1372
01:11:51.335 --> 01:11:53.195
or Y axis we're affecting the X values.

1373
01:11:53.495 --> 01:11:55.395
So we get two x

1374
01:11:56.355 --> 01:12:00.815
and then X axis we're dilating by a factor of six, so

1375
01:12:01.005 --> 01:12:02.815
that would be six y.

1376
01:12:04.245 --> 01:12:06.185
So remember, you dilate in one axis,

1377
01:12:06.185 --> 01:12:07.865
you affect the values of the other axis.

1378
01:12:09.635 --> 01:12:12.055
Uh, then moving on, we reflect in the X axis.

1379
01:12:12.075 --> 01:12:13.575
So that affects the Y values.

1380
01:12:14.155 --> 01:12:17.775
So we get two x and then we put a minus sign six y.

1381
01:12:18.075 --> 01:12:20.815
So that's just inverting all of the Y values so

1382
01:12:20.815 --> 01:12:22.895
that we reflect it in the x axis.

1383
01:12:23.835 --> 01:12:27.935
Uh, the final thing is that we translate one unit up

1384
01:12:28.155 --> 01:12:29.855
and half a unit, right?

1385
01:12:30.195 --> 01:12:34.095
So remember with translation it affects the same axis.

1386
01:12:34.235 --> 01:12:38.735
So if we're dilating up, any vertical movement is expressed,

1387
01:12:39.075 --> 01:12:42.375
uh, in terms of the Y direction.

1388
01:12:42.555 --> 01:12:46.745
So we're going to get two x plus

1389
01:12:47.375 --> 01:12:51.345
something, we're gonna get negative six Y plus one.

1390
01:12:51.445 --> 01:12:52.865
So that's the movement up.

1391
01:12:53.125 --> 01:12:57.295
And then the movement right is just gonna be plus half, uh,

1392
01:12:57.315 --> 01:12:58.335
in the X axis.

1393
01:12:58.955 --> 01:13:02.835
So we now have this, what we can then do

1394
01:13:03.815 --> 01:13:04.835
is we know

1395
01:13:04.835 --> 01:13:08.915
that our transformed function has the coordinates x

1396
01:13:08.945 --> 01:13:10.235
dash and y dash.

1397
01:13:10.935 --> 01:13:15.445
So we can form an expression x dash is equal

1398
01:13:15.465 --> 01:13:17.285
to two x plus half

1399
01:13:18.375 --> 01:13:21.705
because these two are the exact same set of coordinates

1400
01:13:22.435 --> 01:13:26.455
and Y dash is negative six y plus one.

1401
01:13:27.255 --> 01:13:29.275
We can then do a little bit of a rearranging.

1402
01:13:29.855 --> 01:13:33.765
So moving the half to the other side would get a minus sign

1403
01:13:34.345 --> 01:13:38.125
and then dividing everything by two, we would get x is equal

1404
01:13:38.225 --> 01:13:40.575
to uh, what is that

1405
01:13:43.075 --> 01:13:45.515
X dash minus half over two.

1406
01:13:46.515 --> 01:13:50.255
And same thing with Y, we would get Y minus one divided

1407
01:13:50.255 --> 01:13:53.815
by negative six, so y minus one over six

1408
01:13:53.965 --> 01:13:55.695
with the negative sign out the front.

1409
01:13:56.775 --> 01:13:58.555
Um, that's a dash there.

1410
01:13:58.865 --> 01:14:03.665
Okay, so we have our equation here.

1411
01:14:04.025 --> 01:14:05.345
Y is equal to one over x.

1412
01:14:05.445 --> 01:14:07.625
We can substitute these expressions in now.

1413
01:14:08.245 --> 01:14:11.965
So we get negative Y dash minus one over six.

1414
01:14:12.065 --> 01:14:16.495
That's our expression for y is equal to one over

1415
01:14:17.615 --> 01:14:19.415
x dash minus half over two.

1416
01:14:22.865 --> 01:14:24.165
Uh, that's all over two.

1417
01:14:26.335 --> 01:14:28.555
So now we can just simplify a little bit.

1418
01:14:28.555 --> 01:14:32.775
We're gonna get two over x dash minus half.

1419
01:14:33.825 --> 01:14:37.865
Oh, that is, it's not a half. There we go minus half.

1420
01:14:39.165 --> 01:14:43.305
And then multiply both sides by negative six and add one.

1421
01:14:43.325 --> 01:14:46.265
So we get y dash on one side.

1422
01:14:47.145 --> 01:14:51.915
Gonna end up with Y equals uh, it's going to be,

1423
01:14:54.885 --> 01:14:59.385
what's that two?

1424
01:15:00.425 --> 01:15:03.915
Yeah, so we'll get negative 12 over

1425
01:15:06.295 --> 01:15:08.495
x dash minus half

1426
01:15:10.585 --> 01:15:12.005
and then we've got the plus one.

1427
01:15:14.785 --> 01:15:19.055
Uh, and then finally we can simplify using one last step

1428
01:15:19.115 --> 01:15:20.415
and just multiplying the top

1429
01:15:20.415 --> 01:15:22.095
and bottom by two so

1430
01:15:22.095 --> 01:15:24.135
that we get it into this form that they require.

1431
01:15:24.915 --> 01:15:28.775
So we're gonna get Y is equal to, well, Y dash is equal to

1432
01:15:29.535 --> 01:15:32.815
negative 24 over two X minus

1433
01:15:32.995 --> 01:15:34.545
one plus one.

1434
01:15:34.545 --> 01:15:36.345
So I just multiply the top and bottom by two.

1435
01:15:37.255 --> 01:15:39.305
That'll change this half into a one.

1436
01:15:39.845 --> 01:15:41.785
And now we have it in the form that they want

1437
01:15:42.385 --> 01:15:44.225
negative A over BX plus C plus d.

1438
01:15:44.695 --> 01:15:49.195
I've got negative 24 over two x minus one plus one. Okay?

1439
01:15:49.215 --> 01:15:50.515
So that's the coordinate method.

1440
01:15:50.655 --> 01:15:53.315
You can see we're laying out every step sequentially,

1441
01:15:53.935 --> 01:15:56.515
and so it's very hard for errors to occur.

1442
01:15:57.055 --> 01:15:59.805
There is this thing called the replacement method, though,

1443
01:16:00.665 --> 01:16:02.485
uh, which is quite a lot faster,

1444
01:16:03.345 --> 01:16:07.075
but not only does it require more memorization,

1445
01:16:07.655 --> 01:16:11.595
but it requires a lot more familiarity with the way each

1446
01:16:11.615 --> 01:16:14.515
of the numbers interact in an equation to yield

1447
01:16:15.035 --> 01:16:16.395
a particular graph.

1448
01:16:17.315 --> 01:16:21.065
Um, you can see here this is basically the gist

1449
01:16:21.065 --> 01:16:23.945
of the expl uh, replacement method where

1450
01:16:24.725 --> 01:16:27.745
if we're doing a dilation A from the Y axis, uh,

1451
01:16:27.865 --> 01:16:29.425
B from X axis reflection X

1452
01:16:29.425 --> 01:16:32.265
and Y axis translation C up and D, right?

1453
01:16:32.955 --> 01:16:36.815
You can actually just substitute the value straight into the

1454
01:16:37.415 --> 01:16:39.695
equation of the graph and get to the transformed graph.

1455
01:16:40.375 --> 01:16:41.745
This is really risky though

1456
01:16:41.775 --> 01:16:43.975
because there's a lot

1457
01:16:43.975 --> 01:16:45.855
of like double negatives and stuff going on.

1458
01:16:45.915 --> 01:16:50.535
For instance, if we dilate by a factor of a from the Y axis,

1459
01:16:51.175 --> 01:16:53.075
you would expect us to be multiplying,

1460
01:16:53.075 --> 01:16:54.195
but instead we're dividing.

1461
01:16:54.535 --> 01:16:58.515
But then if we are translating C up,

1462
01:16:59.725 --> 01:17:03.465
uh, that follows the rules, we'd expect we're adding a value

1463
01:17:03.485 --> 01:17:05.945
of C, but if we're translating D to the right,

1464
01:17:05.945 --> 01:17:08.065
we're actually minusing by D.

1465
01:17:08.285 --> 01:17:11.325
So it can get pretty confusing,

1466
01:17:11.825 --> 01:17:15.765
but once you kind of remember that this series

1467
01:17:15.785 --> 01:17:20.655
of transformations corresponds exactly to this, uh,

1468
01:17:20.955 --> 01:17:23.735
change in the equation of the original graph,

1469
01:17:24.545 --> 01:17:27.155
then you can start using the replacement method a lot more

1470
01:17:27.335 --> 01:17:28.915
in your, in your working.

1471
01:17:29.985 --> 01:17:31.285
So we'll practice that here.

1472
01:17:32.365 --> 01:17:33.985
The function F of X equals one

1473
01:17:33.985 --> 01:17:35.785
of X undergoes the following transformations.

1474
01:17:36.055 --> 01:17:38.105
It's the exact same set of transformations.

1475
01:17:38.825 --> 01:17:41.085
We just want to use the replacement method now.

1476
01:17:41.465 --> 01:17:44.565
So what I'm gonna actually do is go back to the original,

1477
01:17:44.565 --> 01:17:46.045
oh, the previous slide here.

1478
01:17:47.715 --> 01:17:51.575
Um, let me change back to my pen here.

1479
01:17:52.895 --> 01:17:57.475
So we've got the graph Y equals one over x,

1480
01:17:59.985 --> 01:18:03.985
and just looking at our set of dilations two from Y

1481
01:18:04.005 --> 01:18:06.425
and six from x reflection in the x axis

1482
01:18:07.015 --> 01:18:09.385
translation one up and half, right?

1483
01:18:10.355 --> 01:18:12.695
So the dilation two from Y

1484
01:18:12.715 --> 01:18:15.415
and six from X, that's gonna look like

1485
01:18:16.375 --> 01:18:18.725
uh, A equals two.

1486
01:18:19.225 --> 01:18:22.175
So this would be two, uh, factor

1487
01:18:22.315 --> 01:18:25.415
of six from X is going to look like

1488
01:18:27.495 --> 01:18:31.905
that's gonna be six, that's B uh,

1489
01:18:31.905 --> 01:18:35.145
then we also have the reflection in the x axis.

1490
01:18:35.365 --> 01:18:38.065
So if we're reflecting in the X axis, then

1491
01:18:38.525 --> 01:18:40.585
that's gonna mean this negative sign

1492
01:18:40.715 --> 01:18:41.785
right here out the front.

1493
01:18:42.425 --> 01:18:44.005
So we're gonna keep that negative sign.

1494
01:18:44.735 --> 01:18:46.845
Since we're not reflecting the Y axi,

1495
01:18:46.845 --> 01:18:48.485
we're gonna get rid of this sign.

1496
01:18:53.485 --> 01:18:56.145
Uh, and then the final thing we're going to do is

1497
01:18:57.975 --> 01:19:01.065
translate C units up and D, right?

1498
01:19:01.065 --> 01:19:03.785
What are we dealing with? One unit up and half units, right?

1499
01:19:04.055 --> 01:19:08.955
Okay, so one unit up is going

1500
01:19:08.955 --> 01:19:11.355
to be, where's my pen gone?

1501
01:19:11.405 --> 01:19:14.285
There it is. This is gonna be one

1502
01:19:15.265 --> 01:19:16.565
and D units, right?

1503
01:19:16.595 --> 01:19:18.525
This is gonna be half.

1504
01:19:19.975 --> 01:19:23.075
So our transformed graph is gonna look like y

1505
01:19:23.255 --> 01:19:25.155
equals negative six.

1506
01:19:26.115 --> 01:19:27.295
And then we've got the function.

1507
01:19:27.445 --> 01:19:29.015
This is the notation for the function.

1508
01:19:29.915 --> 01:19:32.735
Uh, in this case the function is one over X, so we've got

1509
01:19:34.365 --> 01:19:38.815
one over x minus

1510
01:19:39.365 --> 01:19:42.185
half all over two,

1511
01:19:44.365 --> 01:19:45.985
uh, and then plus one.

1512
01:19:46.775 --> 01:19:48.195
And then we can just simplify that

1513
01:19:48.655 --> 01:19:50.475
and eventually we'll get to the same answer.

1514
01:19:50.655 --> 01:19:52.555
So that's going to be, we flip this around

1515
01:19:53.715 --> 01:19:58.635
negative six over two times x minus half

1516
01:19:59.595 --> 01:20:03.595
plus one, and then, uh,

1517
01:20:04.835 --> 01:20:07.885
that's going to be negative 12

1518
01:20:09.065 --> 01:20:11.185
x dash minus half plus one.

1519
01:20:11.685 --> 01:20:12.825
And then finally we just want

1520
01:20:12.825 --> 01:20:15.265
to get it into the same form that they asked for.

1521
01:20:15.955 --> 01:20:17.405
Yeah, it's the same form as before.

1522
01:20:17.545 --> 01:20:18.645
So multiply the top

1523
01:20:18.645 --> 01:20:21.445
and bottom of this fraction by two, we get negative, uh,

1524
01:20:21.445 --> 01:20:25.885
24 over two x dash minus one plus one.

1525
01:20:27.585 --> 01:20:31.505
That's our transformed graph equation there.

1526
01:20:32.805 --> 01:20:34.855
Okay? So you can see it's pretty complicated.

1527
01:20:35.395 --> 01:20:37.095
Um, yeah,

1528
01:20:37.115 --> 01:20:40.295
and again, it requires a very strong familiarity of exactly

1529
01:20:40.515 --> 01:20:43.825
how these, well, this formula here at the bottom here,

1530
01:20:44.105 --> 01:20:48.665
negative B times F of X minus D over A plus C, exactly how

1531
01:20:48.665 --> 01:20:50.665
that relates to the transformations you're doing.

1532
01:20:51.325 --> 01:20:54.185
But as you practice the coordinate method more and more

1533
01:20:54.185 --> 01:20:55.425
and more, you'll get more

1534
01:20:55.425 --> 01:20:58.245
and more familiar with, uh, how

1535
01:20:58.245 --> 01:21:01.325
to use the replacement method to cut out a lot of, uh,

1536
01:21:01.395 --> 01:21:02.805
working and save a lot of time.

1537
01:21:03.505 --> 01:21:07.445
So we'll move on now. Uh, that's it for transformations.

1538
01:21:07.445 --> 01:21:09.085
We're gonna move on to inverse functions.

1539
01:21:10.265 --> 01:21:13.715
So a one-to-one function is

1540
01:21:14.835 --> 01:21:17.715
a function where no y value repeats.

1541
01:21:19.425 --> 01:21:22.555
What we can do is use this thing called the horizontal line

1542
01:21:22.585 --> 01:21:25.475
test to determine if a function is one to-one.

1543
01:21:26.335 --> 01:21:28.375
So what we're looking

1544
01:21:28.435 --> 01:21:31.815
for when we do this horizontal line test is a function

1545
01:21:31.835 --> 01:21:33.415
should never touch the line twice,

1546
01:21:33.415 --> 01:21:35.335
otherwise it's not a one-to-one function.

1547
01:21:36.245 --> 01:21:40.425
So you can see here in this graph, no matter

1548
01:21:40.425 --> 01:21:42.305
where we put a horizontal line,

1549
01:21:43.265 --> 01:21:45.955
it's only ever gonna intersect the graph once

1550
01:21:47.855 --> 01:21:49.995
for each horizontal life line we put down.

1551
01:21:50.885 --> 01:21:53.825
So that means that this function, we can call it one-to-one.

1552
01:21:55.375 --> 01:21:57.435
Uh, then you can look at this graph here.

1553
01:21:58.745 --> 01:22:03.595
If we, no matter where we put a uh, line, horizontal line,

1554
01:22:03.625 --> 01:22:05.915
it's going to touch the, well,

1555
01:22:06.335 --> 01:22:08.695
it's gonna intersect the graph multiple times.

1556
01:22:09.555 --> 01:22:11.455
Now even you might have a graph

1557
01:22:11.455 --> 01:22:12.495
that looks something like this,

1558
01:22:13.655 --> 01:22:15.605
where if you put a horizontal line here,

1559
01:22:15.605 --> 01:22:16.765
it only intersects once.

1560
01:22:17.505 --> 01:22:19.285
But if there's any point along the graph

1561
01:22:19.285 --> 01:22:20.725
where if you put a horizontal line

1562
01:22:20.745 --> 01:22:24.165
and it touches it, it touches the graph more than once, then

1563
01:22:24.475 --> 01:22:25.885
that graph isn't one to one.

1564
01:22:26.825 --> 01:22:30.075
So you can see how that connects with this idea

1565
01:22:30.075 --> 01:22:31.635
of no y value repeating,

1566
01:22:31.935 --> 01:22:35.785
because here you can see if we take X equals,

1567
01:22:36.655 --> 01:22:38.225
well, if we take Y equals two,

1568
01:22:38.865 --> 01:22:40.125
that's occurring multiple times.

1569
01:22:40.235 --> 01:22:41.725
It's occurring here, it's occurring here,

1570
01:22:41.755 --> 01:22:44.645
it's occurring here, but then if we take Y equals two here,

1571
01:22:44.705 --> 01:22:47.045
it only occurs at this one place here.

1572
01:22:48.765 --> 01:22:51.185
So that's one-to-one functions.

1573
01:22:51.185 --> 01:22:53.145
And the reason it's important, uh,

1574
01:22:53.555 --> 01:22:54.865
we'll find out a little bit later,

1575
01:22:55.125 --> 01:22:57.305
but it connects to this idea of inverse functions.

1576
01:22:58.485 --> 01:23:00.105
So what is an inverse function?

1577
01:23:00.205 --> 01:23:04.465
Now, this is a function that's denoted F

1578
01:23:04.565 --> 01:23:06.975
to the the negative one, um,

1579
01:23:07.275 --> 01:23:10.495
and the way you would show that in your notation is Y equals

1580
01:23:10.615 --> 01:23:12.055
F to the negative one of X.

1581
01:23:12.755 --> 01:23:16.215
So that's same as saying something like Y equals F of X.

1582
01:23:16.795 --> 01:23:18.495
We wanna describe the inverse of this,

1583
01:23:18.565 --> 01:23:22.055
then we write Y equals F to the negative one of x.

1584
01:23:24.055 --> 01:23:27.435
The property of this inverse function is

1585
01:23:27.435 --> 01:23:29.955
that it basically undoes the operation

1586
01:23:30.055 --> 01:23:31.715
of the function that it's inverse to.

1587
01:23:32.335 --> 01:23:34.995
So what does that mean? Let's say if we take any value,

1588
01:23:35.495 --> 01:23:37.395
I'm gonna call this value X,

1589
01:23:38.035 --> 01:23:40.055
and then we apply a function F to it.

1590
01:23:41.595 --> 01:23:46.425
Let's say for the sake of an example, let's say

1591
01:23:46.425 --> 01:23:50.865
that we, this function F is equal to X squared.

1592
01:23:52.175 --> 01:23:55.385
What we're doing is we're taking that value X

1593
01:23:55.965 --> 01:23:58.945
to a new value, which is represented by F of X.

1594
01:23:59.325 --> 01:24:04.195
So let's say X is equal to two by applying the function F,

1595
01:24:04.285 --> 01:24:08.535
we're going to go to, uh, what is

1596
01:24:08.535 --> 01:24:12.535
that we're gonna go to or two squared, which is four.

1597
01:24:14.225 --> 01:24:17.275
What the inverse function does is it undoes the operation

1598
01:24:17.335 --> 01:24:19.235
of the function that we just applied.

1599
01:24:19.535 --> 01:24:23.305
So it'll take the value back from F

1600
01:24:23.305 --> 01:24:25.185
of X to X.

1601
01:24:25.485 --> 01:24:29.155
In this case, we've got four we, the inverse function

1602
01:24:29.215 --> 01:24:31.075
of x squared is gonna be the function

1603
01:24:31.075 --> 01:24:33.195
that takes this value four as an input

1604
01:24:33.575 --> 01:24:35.435
and then outputs back two.

1605
01:24:36.265 --> 01:24:39.045
In this case you'll, you'll probably already be familiar

1606
01:24:39.075 --> 01:24:41.165
with the inverse function of x squared.

1607
01:24:41.165 --> 01:24:45.565
That's gonna be the square root sign in this case, F of X.

1608
01:24:45.915 --> 01:24:50.685
What we wanna write F inverse of x is uh, square root of x.

1609
01:24:50.745 --> 01:24:54.985
And sure enough, if we put in four as the input,

1610
01:24:55.625 --> 01:24:58.205
so F inverse four as our input,

1611
01:24:58.205 --> 01:24:59.845
then we're gonna be doing square root of four

1612
01:24:59.845 --> 01:25:01.205
and that's gonna take us back to two.

1613
01:25:02.025 --> 01:25:05.455
So that's the thing you wanna remember.

1614
01:25:05.515 --> 01:25:07.695
It takes for any given function,

1615
01:25:08.075 --> 01:25:10.855
the inverse function is going to just do the reverse of

1616
01:25:10.855 --> 01:25:12.455
what the function does.

1617
01:25:12.525 --> 01:25:14.215
It's gonna undo what the function does.

1618
01:25:15.835 --> 01:25:18.645
I've expressed that mathematically here it has the property

1619
01:25:18.645 --> 01:25:21.905
that F inverse of F of X is going

1620
01:25:21.925 --> 01:25:23.665
to give us back X.

1621
01:25:23.805 --> 01:25:26.505
So we have x, we're putting it into the function.

1622
01:25:26.525 --> 01:25:28.265
So now we have a value F of X,

1623
01:25:28.725 --> 01:25:29.945
and then we're taking that value

1624
01:25:29.965 --> 01:25:31.705
and putting it into the inverse function

1625
01:25:32.085 --> 01:25:33.665
and that's gonna spit back out the

1626
01:25:33.905 --> 01:25:35.025
original X that we put in.

1627
01:25:37.035 --> 01:25:39.215
It also has a geometric meaning along

1628
01:25:39.215 --> 01:25:42.355
with mathematical meaning the graphs of F

1629
01:25:42.375 --> 01:25:47.315
and F inverse are related by reflection along the

1630
01:25:47.865 --> 01:25:49.275
line Y equals X.

1631
01:25:50.165 --> 01:25:51.705
So we looked at reflections just

1632
01:25:51.705 --> 01:25:54.665
before where we reflected along the X and Y axes.

1633
01:25:55.335 --> 01:25:58.185
This time you can just think about taking one of those axes

1634
01:25:58.185 --> 01:25:59.705
and rotating at 45 degrees.

1635
01:26:00.045 --> 01:26:01.865
We get this line Y equals X

1636
01:26:02.565 --> 01:26:04.965
and we're reflecting along there to get the inverse.

1637
01:26:06.585 --> 01:26:09.085
The reason we were looking at one-to-one graphs originally

1638
01:26:09.225 --> 01:26:11.605
is because you can only have, well,

1639
01:26:11.605 --> 01:26:13.285
a graph can only have an inverse

1640
01:26:14.225 --> 01:26:19.145
if it's a one-to-one function and there's a reason for that.

1641
01:26:19.145 --> 01:26:20.345
We'll look into that a little bit later.

1642
01:26:21.085 --> 01:26:23.025
But principally you want to,

1643
01:26:23.265 --> 01:26:24.745
whenever you think about inverse functions

1644
01:26:24.745 --> 01:26:27.545
and finding an inverse function, you wanna think first

1645
01:26:27.545 --> 01:26:29.705
of all, is the graph one-to-One is the

1646
01:26:29.865 --> 01:26:31.145
equation a one-to-one function.

1647
01:26:32.975 --> 01:26:35.645
So the thing is, there's a lot of graphs

1648
01:26:35.645 --> 01:26:36.805
that aren't one-to-one, right?

1649
01:26:36.985 --> 01:26:38.965
For instance, just take a parabola, we can use

1650
01:26:38.965 --> 01:26:40.405
that horizontal line test

1651
01:26:41.105 --> 01:26:44.285
and if we draw the horizontal line right here, we can see

1652
01:26:44.285 --> 01:26:47.365
that it intersects at two points as opposed to one.

1653
01:26:47.505 --> 01:26:49.325
So it's not a one-to-one function,

1654
01:26:50.665 --> 01:26:54.405
but we can do something called restricting the function,

1655
01:26:55.325 --> 01:26:56.685
restricting the function's domain.

1656
01:26:57.185 --> 01:27:00.805
Uh, now the domain is basically

1657
01:27:00.805 --> 01:27:04.355
what it means is the all the X values

1658
01:27:04.465 --> 01:27:08.035
that you can put into the function and get a y value out.

1659
01:27:08.715 --> 01:27:11.255
In this case, we're looking at this function here.

1660
01:27:11.435 --> 01:27:14.815
We can put in any value for X, no matter how small, how big,

1661
01:27:15.275 --> 01:27:16.855
and we'll get some y value out.

1662
01:27:18.425 --> 01:27:20.965
Uh, let's say we put in a hundred thousand for X,

1663
01:27:20.975 --> 01:27:22.805
we'll get a hundred thousand squared.

1664
01:27:22.805 --> 01:27:26.585
So we still get a valid Y value. We can restrict the domain.

1665
01:27:27.205 --> 01:27:30.465
So say in this case we're restricting it so

1666
01:27:30.465 --> 01:27:33.665
that we can only put in X values going from zero

1667
01:27:33.725 --> 01:27:36.745
to infinity, and that'll essentially chop off this

1668
01:27:36.815 --> 01:27:37.985
left half of the graph.

1669
01:27:38.405 --> 01:27:39.905
And now the graph is one to one.

1670
01:27:40.185 --> 01:27:42.425
Wherever we put a horizontal line, uh,

1671
01:27:42.515 --> 01:27:44.225
it'll only ever intersect once.

1672
01:27:46.115 --> 01:27:51.045
So what if the function isn't one-to-one?

1673
01:27:51.045 --> 01:27:52.925
And we try and take the inverse of it.

1674
01:27:53.945 --> 01:27:56.005
You can see here, again, we won't use

1675
01:27:56.745 --> 01:27:58.925
the mathematical definition of the inverse.

1676
01:27:58.925 --> 01:28:00.205
We'll think about it graphically.

1677
01:28:00.985 --> 01:28:03.425
If we had a function, let's say a parabola,

1678
01:28:03.525 --> 01:28:07.135
that's not one-to-one, and then we try

1679
01:28:07.135 --> 01:28:09.415
and find the inverse, we'd find that

1680
01:28:09.415 --> 01:28:11.855
by reflecting along the line Y equals X.

1681
01:28:11.995 --> 01:28:13.655
So we get this function out here.

1682
01:28:14.995 --> 01:28:19.545
The issue with this function is it's not really, well,

1683
01:28:19.545 --> 01:28:21.065
it isn't a function anymore

1684
01:28:21.135 --> 01:28:24.065
because the definition of a function is

1685
01:28:24.645 --> 01:28:25.945
you can put in it X value

1686
01:28:26.085 --> 01:28:28.465
and you'll only get one y value out

1687
01:28:30.035 --> 01:28:31.255
in the case of a parabola.

1688
01:28:31.255 --> 01:28:34.575
This is a function because if we put in X equals two,

1689
01:28:34.675 --> 01:28:36.215
we only get one y value out.

1690
01:28:36.735 --> 01:28:38.755
We get x. If we put in X equals five,

1691
01:28:39.125 --> 01:28:41.435
we'll only get one y value out somewhere up

1692
01:28:41.435 --> 01:28:43.315
here for this function.

1693
01:28:43.895 --> 01:28:45.955
If we put in X equals five,

1694
01:28:46.405 --> 01:28:48.035
we're gonna get two y values out.

1695
01:28:48.765 --> 01:28:51.785
Uh, and by definition of what a function is,

1696
01:28:52.515 --> 01:28:53.885
this isn't a function anymore.

1697
01:28:54.985 --> 01:28:58.455
So because we want the inverse to be a function,

1698
01:28:58.715 --> 01:29:00.615
that's why we call it an inverse function.

1699
01:29:01.265 --> 01:29:03.045
We need to make sure that every graph

1700
01:29:03.045 --> 01:29:07.545
that we're taking the inverse of is one-to-one, okay?

1701
01:29:08.085 --> 01:29:12.715
So to find an inverse function, this is the series

1702
01:29:12.715 --> 01:29:14.035
of steps that you want to follow

1703
01:29:14.295 --> 01:29:17.835
and make sure that you follow these almost verbatim.

1704
01:29:17.975 --> 01:29:21.635
So always write lit Y equals FX for your first step, right?

1705
01:29:21.815 --> 01:29:25.715
Two inverts, swap X and y, uh, as your second step.

1706
01:29:26.685 --> 01:29:28.965
Um, that's the first thing.

1707
01:29:28.965 --> 01:29:30.885
You always wanna follow these steps verbatim because,

1708
01:29:30.885 --> 01:29:33.045
because very strict about making sure

1709
01:29:33.235 --> 01:29:36.485
that you show you're working in this series of steps.

1710
01:29:36.585 --> 01:29:37.845
The second thing you want to do is,

1711
01:29:37.845 --> 01:29:41.245
before you do any of this, uh, make sure

1712
01:29:41.245 --> 01:29:43.525
that the function you're dealing with is one-to-one,

1713
01:29:43.755 --> 01:29:46.285
because if it's not, then you're gonna run into issues.

1714
01:29:47.185 --> 01:29:50.885
Um, okay, so those are the steps there,

1715
01:29:52.195 --> 01:29:54.135
uh, but obviously it doesn't help to see the steps.

1716
01:29:54.165 --> 01:29:55.455
It's better to do it with an example.

1717
01:29:56.245 --> 01:29:57.595
Let's take this function here.

1718
01:29:57.595 --> 01:30:01.395
We have G of X is equal to four x minus three,

1719
01:30:02.615 --> 01:30:03.875
uh, over X minus one.

1720
01:30:03.875 --> 01:30:06.315
We want to find the rule of G inverse.

1721
01:30:07.015 --> 01:30:10.335
So the first step, as we saw in the previous slide,

1722
01:30:10.515 --> 01:30:12.015
let Y equals F of x.

1723
01:30:13.665 --> 01:30:17.235
Um, we're going

1724
01:30:17.235 --> 01:30:18.915
to write that down.

1725
01:30:19.095 --> 01:30:22.225
Let Y equal

1726
01:30:23.805 --> 01:30:26.895
four x minus three over X minus one.

1727
01:30:27.235 --> 01:30:30.055
So that's our, in this case we're dealing with G of X

1728
01:30:30.055 --> 01:30:31.655
and our expression for G of X is this.

1729
01:30:32.075 --> 01:30:33.455
So that's our first line of working.

1730
01:30:34.205 --> 01:30:37.665
Uh, the next thing we're going to do is, um,

1731
01:30:40.675 --> 01:30:43.615
two, we're gonna write two inverts, swap x and y,

1732
01:30:49.315 --> 01:30:51.325
swap X and Y.

1733
01:30:52.275 --> 01:30:54.535
So that's the second step there.

1734
01:30:55.895 --> 01:30:59.395
And then we go ahead and swap X and Y

1735
01:30:59.815 --> 01:31:02.315
and then rearrange to make Y the subject.

1736
01:31:03.115 --> 01:31:04.535
So we're gonna do this X.

1737
01:31:05.235 --> 01:31:09.875
So X is now in place of y equals four, Y minus three

1738
01:31:10.425 --> 01:31:12.075
over Y minus one.

1739
01:31:12.095 --> 01:31:13.435
So we've just swapped X and Y

1740
01:31:13.775 --> 01:31:16.115
and now we wanna rearrange to get Y on its own.

1741
01:31:16.875 --> 01:31:21.215
So what I can do is we can swap these two.

1742
01:31:21.605 --> 01:31:23.935
It's just a little, uh, trick you can do

1743
01:31:23.935 --> 01:31:25.335
with your working out.

1744
01:31:26.035 --> 01:31:29.495
Get Y minus one equals four Y minus three

1745
01:31:30.495 --> 01:31:32.355
over x.

1746
01:31:33.895 --> 01:31:37.905
Um, okay,

1747
01:31:43.085 --> 01:31:43.575
alright.

1748
01:31:43.755 --> 01:31:45.095
No, this isn't gonna lead anywhere.

1749
01:31:45.565 --> 01:31:49.375
What we can do, 'cause we can see here that uh,

1750
01:31:49.795 --> 01:31:52.335
if we go ahead with this, there's, there's no way

1751
01:31:52.335 --> 01:31:54.015
to actually get Y on its own

1752
01:31:54.315 --> 01:31:56.175
by just multiplying and rearranging.

1753
01:31:56.595 --> 01:31:58.975
We need to do something to this fraction itself so

1754
01:31:59.045 --> 01:32:03.055
that we get rid of this bottom part that has X in it, um,

1755
01:32:03.235 --> 01:32:04.495
or we get rid of the top part

1756
01:32:04.495 --> 01:32:06.015
of the fraction that has X in it.

1757
01:32:06.155 --> 01:32:08.295
So I'm gonna undo all that.

1758
01:32:11.295 --> 01:32:12.915
Uh, and you should take note as well.

1759
01:32:12.915 --> 01:32:15.075
This is something that you can do if you're dealing

1760
01:32:15.075 --> 01:32:17.515
with a fraction involving X on both sides

1761
01:32:17.855 --> 01:32:19.715
and on both the top and bottom

1762
01:32:20.335 --> 01:32:23.395
and uh, you can't really get anywhere when you're using it

1763
01:32:23.455 --> 01:32:26.705
and you're working out, what we can do

1764
01:32:27.975 --> 01:32:29.675
is we can extend this line of working.

1765
01:32:31.505 --> 01:32:36.265
We're gonna write four x minus four

1766
01:32:38.615 --> 01:32:39.865
plus one.

1767
01:32:41.145 --> 01:32:45.535
Yeah, so we're gonna write four x minus four plus one.

1768
01:32:45.605 --> 01:32:49.125
That should be it all over X minus one.

1769
01:32:49.185 --> 01:32:50.365
We can then split this up.

1770
01:32:51.395 --> 01:32:54.535
So we get four x minus four

1771
01:32:56.145 --> 01:33:00.115
plus one and then both of those are over X minus one.

1772
01:33:03.125 --> 01:33:05.945
So I'm just rearranging the way,

1773
01:33:06.135 --> 01:33:09.425
well not rearranging rewriting this expression here, um,

1774
01:33:10.005 --> 01:33:11.065
of for geo X.

1775
01:33:13.285 --> 01:33:16.865
And you'll notice that what I've done by rewriting the top

1776
01:33:16.885 --> 01:33:19.135
as four x minus four is

1777
01:33:19.975 --> 01:33:22.055
I can actually factor out a four in the top line

1778
01:33:22.915 --> 01:33:27.295
and then we'll end up with X minus one over X minus one

1779
01:33:28.255 --> 01:33:30.155
and then plus one over X minus one.

1780
01:33:30.945 --> 01:33:33.885
And then this will, these two will cancel out.

1781
01:33:33.905 --> 01:33:37.805
So we'll get four plus one over X minus one.

1782
01:33:37.915 --> 01:33:39.565
This is much easier now to work with.

1783
01:33:39.785 --> 01:33:42.085
So again, to to invert, we swap X and Y.

1784
01:33:42.705 --> 01:33:47.365
So we'll go X is equal to four plus one over Y minus one.

1785
01:33:48.235 --> 01:33:50.055
Uh, move the four to the other side.

1786
01:33:51.485 --> 01:33:55.005
X minus four is equal to one over y.

1787
01:33:55.075 --> 01:33:56.765
Well it's supposed to be a minus one

1788
01:33:57.765 --> 01:33:59.945
and then swap these two.

1789
01:34:00.445 --> 01:34:05.305
So we get Y minus one is equal to one over X minus four

1790
01:34:06.295 --> 01:34:07.875
and then just add one to both sides.

1791
01:34:08.095 --> 01:34:12.395
So Y is equal to one over X minus four plus one.

1792
01:34:13.655 --> 01:34:15.545
Okay? So that's the equation of the inverse,

1793
01:34:15.965 --> 01:34:20.915
but we have to specifically state, uh, the equation itself.

1794
01:34:21.335 --> 01:34:25.115
So we have G inverse, we need to use that notation.

1795
01:34:25.745 --> 01:34:26.845
So I'll write that here.

1796
01:34:27.515 --> 01:34:32.045
Therefore, G inverse of X is equal to one over

1797
01:34:32.685 --> 01:34:35.645
X minus four plus one.

1798
01:34:37.015 --> 01:34:38.555
That's how we find the inverse there.

1799
01:34:41.175 --> 01:34:45.625
Here's another question. Consider the function HX squared

1800
01:34:45.745 --> 01:34:47.585
minus two x plus three.

1801
01:34:48.365 --> 01:34:49.545
We need to find the rule

1802
01:34:49.645 --> 01:34:52.425
for H inverse the inverse function of H.

1803
01:34:53.335 --> 01:34:57.285
Okay? So again, we want to write lit

1804
01:34:58.365 --> 01:34:59.925
Y equal to F of x.

1805
01:35:01.095 --> 01:35:05.935
Oh, in this case F of X is H of x, which is uh,

1806
01:35:07.325 --> 01:35:09.885
y equals x squared minus two x plus three.

1807
01:35:10.635 --> 01:35:15.535
And then we write two invert, swap

1808
01:35:17.535 --> 01:35:19.095
X and Y.

1809
01:35:20.555 --> 01:35:24.465
Alright, so we now have X is equal

1810
01:35:24.465 --> 01:35:28.965
to Y squared minus two Y plus three.

1811
01:35:31.995 --> 01:35:34.735
Okay? So with this

1812
01:35:34.795 --> 01:35:37.685
one it's a quadratic.

1813
01:35:37.785 --> 01:35:39.685
So we have to be more careful about how we go about

1814
01:35:40.895 --> 01:35:41.905
finding y.

1815
01:35:43.765 --> 01:35:47.985
Uh, what we can do is with quadratics, we can convert them

1816
01:35:48.005 --> 01:35:49.585
to stationary point form,

1817
01:35:50.205 --> 01:35:52.545
and then we will just have an expression

1818
01:35:53.385 --> 01:35:55.375
where we have some instance of Y

1819
01:35:55.755 --> 01:35:59.575
and then all this like algebraic fluff, algebraic fluff

1820
01:35:59.575 --> 01:36:02.055
around it where we can just rearrange all of it

1821
01:36:02.395 --> 01:36:04.135
and get Y on its own again.

1822
01:36:04.715 --> 01:36:05.815
So, um,

1823
01:36:07.315 --> 01:36:10.095
in this case we've got y squared minus two y plus three

1824
01:36:10.105 --> 01:36:12.015
again to convert to stationary point form.

1825
01:36:12.475 --> 01:36:14.535
The first thing we do is we figure out

1826
01:36:14.535 --> 01:36:16.215
what B over two squared is.

1827
01:36:16.805 --> 01:36:19.225
So B over two squared in this case B is negative two.

1828
01:36:19.485 --> 01:36:23.025
So we have negative two over two squared.

1829
01:36:23.565 --> 01:36:26.425
That's gonna be negative one squared, which is one.

1830
01:36:26.975 --> 01:36:30.715
So we write why, why we write why squared minus two Y

1831
01:36:31.225 --> 01:36:33.435
plus one minus one plus three.

1832
01:36:34.595 --> 01:36:37.855
Uh, these three terms become a perfect square.

1833
01:36:38.355 --> 01:36:41.215
So why squared? It's one term two y another,

1834
01:36:41.595 --> 01:36:42.855
and one is our last one.

1835
01:36:43.245 --> 01:36:45.215
They're gonna condense to become

1836
01:36:47.055 --> 01:36:50.455
Y plus B over two squared, well Y plus B over two

1837
01:36:51.215 --> 01:36:54.995
in this case B over two is negative two over two, so

1838
01:36:54.995 --> 01:36:58.615
that's Y minus one squared.

1839
01:37:00.015 --> 01:37:02.755
And then we've got minus one plus three on the outside.

1840
01:37:02.775 --> 01:37:03.915
So that's just gonna be two.

1841
01:37:05.575 --> 01:37:09.585
Okay, so we've got this and now we can rearrange for Y.

1842
01:37:11.145 --> 01:37:16.085
So we get X minus two equals Y minus one squared,

1843
01:37:17.525 --> 01:37:19.065
and now we run into a bit of an issue

1844
01:37:19.065 --> 01:37:22.995
because if we take the square root, let's go ahead

1845
01:37:22.995 --> 01:37:24.395
and do that, we're gonna get a plus

1846
01:37:24.395 --> 01:37:29.085
and minus cause Y minus one.

1847
01:37:30.425 --> 01:37:33.255
Um, now what does this mean?

1848
01:37:33.285 --> 01:37:37.335
Essentially what it means is if we plug in

1849
01:37:38.555 --> 01:37:41.895
an X value, then we're gonna get two different values for y.

1850
01:37:41.915 --> 01:37:45.615
And remember, by definition of a function, that means that

1851
01:37:45.615 --> 01:37:47.615
what we've got here is no longer a function.

1852
01:37:48.375 --> 01:37:51.275
So we need to essentially pick,

1853
01:37:52.255 --> 01:37:55.115
are we gonna take the positive branch of the square root

1854
01:37:55.465 --> 01:37:57.365
of the negative branch or the negative branch?

1855
01:37:57.425 --> 01:37:58.445
How can we find this out?

1856
01:37:58.865 --> 01:38:00.125
The way we can find it out is

1857
01:38:00.125 --> 01:38:01.725
by looking at the original question.

1858
01:38:02.145 --> 01:38:06.465
We have, uh, a function going from one to infinity.

1859
01:38:06.465 --> 01:38:08.865
That's the X values that we can put into this equation.

1860
01:38:09.955 --> 01:38:12.895
Uh, and then we've got the actual equation itself.

1861
01:38:13.075 --> 01:38:16.915
So what would this look like graphically, we know

1862
01:38:16.915 --> 01:38:20.045
that a parabola has this kind of shape, um,

1863
01:38:20.825 --> 01:38:23.325
and we know that it's going from one to infinity,

1864
01:38:23.325 --> 01:38:25.245
which probably means that we're cutting

1865
01:38:25.265 --> 01:38:26.445
it off somewhere around here.

1866
01:38:26.625 --> 01:38:28.205
So none of this part of the graph is here.

1867
01:38:28.205 --> 01:38:32.355
We only have this part. So if we were

1868
01:38:33.115 --> 01:38:36.755
thinking about, well, if we were picking the positive branch

1869
01:38:36.895 --> 01:38:40.675
of this expression down here for the inverse, then

1870
01:38:41.915 --> 01:38:43.895
we draw the line Y equals x,

1871
01:38:45.205 --> 01:38:46.705
we give the terrible drawings here.

1872
01:38:47.405 --> 01:38:50.865
Um, if we were to reflect the negative branch

1873
01:38:51.625 --> 01:38:53.925
in the line Y equals X,

1874
01:38:54.035 --> 01:38:55.965
then we're gonna end up with something like this.

1875
01:38:57.185 --> 01:39:00.005
Uh, one thing you should know about square root graphs.

1876
01:39:00.385 --> 01:39:04.745
So graphs which have this kind of, uh, this kind

1877
01:39:04.745 --> 01:39:08.665
of shape y well, this kind of form Y was squared of x,

1878
01:39:09.185 --> 01:39:11.555
they have this kind of shape where they go up

1879
01:39:11.615 --> 01:39:13.235
and then they kind of taper out over time.

1880
01:39:14.655 --> 01:39:17.195
If we were to apply a transformation to that,

1881
01:39:17.195 --> 01:39:21.275
where we flip it in the x axis, that's the x axis there,

1882
01:39:22.425 --> 01:39:26.195
um, then we would get something like that.

1883
01:39:26.775 --> 01:39:28.115
If you notice here, that's what we're doing.

1884
01:39:28.135 --> 01:39:29.395
If we select the negative branch,

1885
01:39:29.395 --> 01:39:32.555
we're putting a negative sign out front of this, uh,

1886
01:39:32.815 --> 01:39:33.875
square root graph

1887
01:39:34.375 --> 01:39:37.875
or the square root, uh, equation here.

1888
01:39:38.815 --> 01:39:41.735
So we'll be getting something like this.

1889
01:39:42.075 --> 01:39:45.575
But notice we're not taking the negative branch of

1890
01:39:46.195 --> 01:39:47.375
the original graph here.

1891
01:39:47.385 --> 01:39:48.735
We're not taking this branch here,

1892
01:39:48.735 --> 01:39:51.415
we're taking this branch here from going from one

1893
01:39:52.105 --> 01:39:53.325
all the way to infinity.

1894
01:39:53.905 --> 01:39:55.785
So that means we want to take

1895
01:39:56.325 --> 01:39:58.185
the positive branch, which is this.

1896
01:39:59.935 --> 01:40:03.975
Um, so what we can do,

1897
01:40:04.675 --> 01:40:08.425
we can write, but uh,

1898
01:40:10.395 --> 01:40:14.095
one is smaller than y is smaller than infinity.

1899
01:40:16.735 --> 01:40:20.835
And then you can write there for

1900
01:40:22.185 --> 01:40:25.935
route X minus two is equal to Y minus one.

1901
01:40:26.535 --> 01:40:29.405
So this is enough just saying,

1902
01:40:29.545 --> 01:40:31.125
but one equal is one is smaller

1903
01:40:31.125 --> 01:40:32.325
than y is smaller than infinity.

1904
01:40:32.845 --> 01:40:35.175
This is enough to explain your choice

1905
01:40:35.235 --> 01:40:36.735
for selecting the positive branch.

1906
01:40:37.435 --> 01:40:38.895
And then of course you can get rid

1907
01:40:38.895 --> 01:40:39.975
of the plus or minus sign.

1908
01:40:39.975 --> 01:40:41.615
We've selected the positive branch there,

1909
01:40:43.005 --> 01:40:46.745
and then you can just go ahead and finish solving for Y.

1910
01:40:46.745 --> 01:40:50.945
So we get y equals route X minus two, uh, minus

1911
01:40:51.565 --> 01:40:52.865
oh plus one, and,

1912
01:40:53.605 --> 01:40:57.185
and then we answer the question H inverse is equal to

1913
01:40:59.845 --> 01:41:02.705
square root of x minus two plus one.

1914
01:41:05.645 --> 01:41:07.575
Okay? So that's it for inverse functions.

1915
01:41:07.575 --> 01:41:09.135
You just need to be able to know how

1916
01:41:09.135 --> 01:41:12.575
to find an inverse function as well as kind of get familiar

1917
01:41:12.575 --> 01:41:16.495
with the fact that the inverse function is any function

1918
01:41:16.955 --> 01:41:21.135
that's reflected in the line Y equals x, uh, as well

1919
01:41:21.135 --> 01:41:22.655
as the inverse function is a function

1920
01:41:22.655 --> 01:41:25.455
that undoes the operation of a given function.

1921
01:41:26.265 --> 01:41:28.095
We're gonna finish off now with probability.

1922
01:41:28.675 --> 01:41:32.465
Um, yeah, there's quite a lot to cover here too,

1923
01:41:32.605 --> 01:41:33.705
but it's the last section.

1924
01:41:33.925 --> 01:41:37.065
So thank you all for hanging around until now.

1925
01:41:37.355 --> 01:41:40.965
We're almost there. Okay, so we'll start off

1926
01:41:40.965 --> 01:41:42.045
with considering a scenario.

1927
01:41:42.215 --> 01:41:44.405
We're gonna roll a fair six-sided dice.

1928
01:41:45.185 --> 01:41:47.125
Now the rolling of the dye is

1929
01:41:47.435 --> 01:41:49.565
what we call a random experiment.

1930
01:41:49.825 --> 01:41:52.765
We dunno what the outcome of the experiment is going to be.

1931
01:41:53.425 --> 01:41:55.765
Uh, and the reason we're calling it an experiment is

1932
01:41:55.765 --> 01:41:59.165
because we're essentially, well, we're performing some kind

1933
01:41:59.165 --> 01:42:01.125
of test, some kind of operation

1934
01:42:01.125 --> 01:42:03.165
where we're rolling a d and seeing what happens.

1935
01:42:04.265 --> 01:42:09.085
Uh, then in terms of referring

1936
01:42:09.085 --> 01:42:12.245
to each number on the dai, that could, well,

1937
01:42:12.245 --> 01:42:14.085
each number represents a different outcome.

1938
01:42:14.545 --> 01:42:17.805
So we have six different outcomes on a fair, six-sided die.

1939
01:42:18.535 --> 01:42:21.915
Uh, either we have one, uh, we either we roll a one

1940
01:42:22.095 --> 01:42:23.675
that's one outcome, or we roll a two,

1941
01:42:23.675 --> 01:42:25.595
that's another, so on and so forth.

1942
01:42:26.985 --> 01:42:28.805
Uh, so that's what we call an outcome.

1943
01:42:29.065 --> 01:42:32.485
And then if we take the full collection of outcomes,

1944
01:42:32.915 --> 01:42:35.725
then we get what's called the sample space.

1945
01:42:36.445 --> 01:42:39.465
So it's the set of all possible outcomes,

1946
01:42:40.215 --> 01:42:41.675
1, 2, 3, 4, 5, and six.

1947
01:42:41.735 --> 01:42:45.855
In this case, uh, we'll go a little bit into this,

1948
01:42:46.325 --> 01:42:48.175
what we call set notation here,

1949
01:42:48.515 --> 01:42:50.895
but what you should know is when you have a list

1950
01:42:50.895 --> 01:42:52.975
of numbers separated by commas

1951
01:42:52.975 --> 01:42:55.015
and bracketed by these curly brackets,

1952
01:42:55.635 --> 01:42:59.815
that's the ma mathematical way of denoting a set.

1953
01:43:01.575 --> 01:43:04.155
Uh, again, we'll get into that a little bit later,

1954
01:43:04.185 --> 01:43:05.595
like the notation and everything.

1955
01:43:06.485 --> 01:43:08.375
Okay, so a drawer contains three red

1956
01:43:08.375 --> 01:43:09.495
socks and two blue socks.

1957
01:43:09.995 --> 01:43:13.535
If two socks are taken from the drawer without replacement,

1958
01:43:13.675 --> 01:43:15.735
so we take them out and then we don't put them back.

1959
01:43:16.325 --> 01:43:17.695
What is the sample space?

1960
01:43:19.195 --> 01:43:23.445
Okay, so let's consider what could happen.

1961
01:43:23.555 --> 01:43:25.405
What are all the possibilities that could happen?

1962
01:43:25.585 --> 01:43:27.605
That's what the sample space is asking for.

1963
01:43:28.155 --> 01:43:30.855
The first thing that could happen is we reach in

1964
01:43:30.955 --> 01:43:32.815
and we pull out a red sock,

1965
01:43:34.215 --> 01:43:37.515
and then we reach in again, we pull out another red sock.

1966
01:43:38.415 --> 01:43:40.715
So now we've picked out two socks, the experiment is over.

1967
01:43:40.975 --> 01:43:43.635
That's an outcome. We either pick two red socks.

1968
01:43:44.415 --> 01:43:46.555
Uh, the second thing that could happen, the second outcome

1969
01:43:47.255 --> 01:43:50.275
is we could reach in and pick out a red sock,

1970
01:43:51.405 --> 01:43:53.665
or we could reach in and pick out a blue sock.

1971
01:43:54.675 --> 01:43:57.895
So that's another outcome, A red sock and then a blue sock.

1972
01:43:59.855 --> 01:44:02.105
Same, same, uh, logic applies

1973
01:44:02.285 --> 01:44:04.305
to the other two outcomes that are possible.

1974
01:44:04.645 --> 01:44:07.025
Either we pick out a blue sock and then a red sock,

1975
01:44:07.565 --> 01:44:09.065
or we pick out two blue socks.

1976
01:44:09.685 --> 01:44:14.605
So let's say a red sock is

1977
01:44:15.645 --> 01:44:20.165
denoted by r and a blue sock is denoted by B.

1978
01:44:21.385 --> 01:44:25.275
Then the set of all possible outcomes is going to be,

1979
01:44:25.875 --> 01:44:28.485
remember we use the curly brackets, either red

1980
01:44:28.485 --> 01:44:32.875
and red again, or blue and red, or red and blue,

1981
01:44:33.725 --> 01:44:37.465
or blue and blue, okay?

1982
01:44:38.785 --> 01:44:41.245
So an outcome is a possible result of a random experiment.

1983
01:44:41.675 --> 01:44:44.445
What we can do is we can group these different outcomes

1984
01:44:44.805 --> 01:44:48.565
together and we can then refer to that as an event.

1985
01:44:49.575 --> 01:44:54.105
So even like thinking back to the sample space,

1986
01:44:54.995 --> 01:44:56.695
the sample space is also an event

1987
01:44:56.695 --> 01:44:59.015
because it's a group of all possible outcomes.

1988
01:44:59.975 --> 01:45:03.515
Uh, but we can also just take a subset

1989
01:45:03.695 --> 01:45:04.955
of those possible outcomes.

1990
01:45:05.775 --> 01:45:07.635
Uh, in the case of our scenario here,

1991
01:45:07.635 --> 01:45:09.955
we've got 1, 2, 3, 4, 5, 6 as the sample space.

1992
01:45:10.175 --> 01:45:14.035
We could refer to the event of rolling an even number

1993
01:45:15.055 --> 01:45:16.395
as, um,

1994
01:45:17.945 --> 01:45:20.125
having the sample space, two, four, and six.

1995
01:45:21.265 --> 01:45:24.895
So this idea of an event, just know that it's a group

1996
01:45:24.895 --> 01:45:29.055
of possible outcomes and you can express it also as a set.

1997
01:45:30.765 --> 01:45:34.895
Okay, a fair six side dice is rolled, a die is rolled.

1998
01:45:35.955 --> 01:45:39.025
Let's let a be the event in which an odd number is rolled,

1999
01:45:39.045 --> 01:45:40.585
and b, be the event in which a number

2000
01:45:40.615 --> 01:45:41.825
less than five is rolled.

2001
01:45:42.485 --> 01:45:45.315
So now, as we know with events, you can, uh,

2002
01:45:45.685 --> 01:45:48.665
where you can label them, uh, with sets.

2003
01:45:49.365 --> 01:45:52.445
So what is a set of a going to be?

2004
01:45:53.385 --> 01:45:56.415
Where it's, we're looking for all the odd numbered outcomes.

2005
01:45:56.795 --> 01:46:00.815
So A is going to be the set containing the numbers.

2006
01:46:01.475 --> 01:46:05.255
One that's odd, three, that's also odd, and five that's odd.

2007
01:46:06.315 --> 01:46:07.815
So that's, that's the set of a,

2008
01:46:07.915 --> 01:46:10.175
that's all odd numbered possible outcomes.

2009
01:46:11.285 --> 01:46:15.005
B is the set of outcomes where, uh,

2010
01:46:15.125 --> 01:46:20.055
a number less than five is rolled, so one is less than five,

2011
01:46:20.115 --> 01:46:23.545
so we can put that in the set for B, same with two, same

2012
01:46:23.545 --> 01:46:24.785
with three, and same with four.

2013
01:46:25.295 --> 01:46:26.865
Five is obviously not less than five,

2014
01:46:26.885 --> 01:46:28.305
so we don't include that in the set.

2015
01:46:29.915 --> 01:46:33.275
Okay. Now this is set notation.

2016
01:46:33.855 --> 01:46:36.155
Uh, we're gonna be using this a bit more throughout the

2017
01:46:36.685 --> 01:46:37.715
subsequent slides.

2018
01:46:38.805 --> 01:46:40.985
Uh, there's quite a lot to look at here,

2019
01:46:41.645 --> 01:46:43.625
but over time, as you do more

2020
01:46:43.625 --> 01:46:44.705
and more probability questions,

2021
01:46:44.705 --> 01:46:46.105
you'll become more familiar with it.

2022
01:46:46.605 --> 01:46:48.585
Uh, as we go through this, the slides anyways,

2023
01:46:48.615 --> 01:46:52.485
I'll continually remind you what each of these, uh,

2024
01:46:52.655 --> 01:46:54.965
signs mean so that you're not left in the dark.

2025
01:46:55.555 --> 01:46:57.825
First of all, we have an upside down U shape.

2026
01:46:58.625 --> 01:47:02.515
This is an intersection. What it means is an intersection.

2027
01:47:02.855 --> 01:47:05.735
So if we have two events

2028
01:47:07.735 --> 01:47:10.795
and we're looking for the intersection between them,

2029
01:47:11.285 --> 01:47:15.235
we're looking for all the outcomes that are in both A and B.

2030
01:47:16.635 --> 01:47:19.095
So, we'll,

2031
01:47:19.095 --> 01:47:21.375
we'll actually we'll do a couple examples later on,

2032
01:47:22.225 --> 01:47:25.565
but then the way you would notate that is A,

2033
01:47:25.625 --> 01:47:27.405
and then the upside down U shape,

2034
01:47:27.425 --> 01:47:29.605
and then B, it just goes ahead

2035
01:47:29.605 --> 01:47:32.325
and, uh, condenses this long

2036
01:47:33.485 --> 01:47:37.005
sentence here into just this short little expression here.

2037
01:47:38.395 --> 01:47:40.455
Uh, union is an upside down you.

2038
01:47:40.955 --> 01:47:43.215
Now this is a little bit different from intersection.

2039
01:47:43.705 --> 01:47:46.415
We're looking for all the outcomes that are in A or B.

2040
01:47:46.915 --> 01:47:49.145
So if it's in A,

2041
01:47:49.145 --> 01:47:51.225
but it's not in B, it's still part

2042
01:47:51.225 --> 01:47:53.585
of this set here, a union B.

2043
01:47:54.175 --> 01:47:58.715
If it's in both A and B, then it's in this set, A, union B

2044
01:47:58.735 --> 01:48:00.675
as well as this set A intersect B.

2045
01:48:02.135 --> 01:48:04.225
Okay? Now the dash means compliment.

2046
01:48:04.405 --> 01:48:06.985
So if we take an event

2047
01:48:06.985 --> 01:48:08.385
and we put a dash next to it,

2048
01:48:08.515 --> 01:48:11.425
we're talking about all the outcomes that are not in

2049
01:48:11.535 --> 01:48:12.665
that given set.

2050
01:48:12.765 --> 01:48:17.345
So a dash is a compliment, that's the list of outcomes

2051
01:48:17.345 --> 01:48:21.755
that are not in a, so in our previous example we saw

2052
01:48:21.755 --> 01:48:23.595
that A is all the odd numbered events.

2053
01:48:24.435 --> 01:48:26.635
A dash would be the set two, four, and six.

2054
01:48:28.255 --> 01:48:32.765
Um, some other things that you may need to know,

2055
01:48:33.225 --> 01:48:35.205
uh, based on the question that you asked.

2056
01:48:35.615 --> 01:48:37.085
First of all, you have the null set.

2057
01:48:37.695 --> 01:48:41.035
So this is the set that has nothing in it, which kind

2058
01:48:41.035 --> 01:48:42.115
of seems useless at first,

2059
01:48:42.455 --> 01:48:44.755
but as you do more probability questions, you'll start

2060
01:48:44.755 --> 01:48:47.555
to find that it's a pretty useful notation.

2061
01:48:48.695 --> 01:48:51.685
Uh, this is probably least used to be honest.

2062
01:48:51.945 --> 01:48:54.165
And then you also have, uh, epsilon,

2063
01:48:54.215 --> 01:48:56.405
which is probably used a little bit more than the null set,

2064
01:48:56.865 --> 01:49:00.445
uh, and sometimes used to list the entire sample space

2065
01:49:00.445 --> 01:49:01.525
of a random experiment.

2066
01:49:01.705 --> 01:49:06.175
So, uh, if I was to go back to our scenario

2067
01:49:06.325 --> 01:49:09.845
with the six-sided dice, I've said here

2068
01:49:09.845 --> 01:49:13.735
that the possible outcomes are 1, 2, 3, 4, 5, and six.

2069
01:49:14.515 --> 01:49:17.575
We can also just say Epson is equal

2070
01:49:17.575 --> 01:49:20.495
to 1, 2, 3, 4, 5, 6.

2071
01:49:21.715 --> 01:49:25.925
Okay, so, uh,

2072
01:49:27.035 --> 01:49:28.305
we've got a question here,

2073
01:49:28.365 --> 01:49:30.105
and this allow us to just practice a bit

2074
01:49:30.105 --> 01:49:31.265
more of that set notation.

2075
01:49:32.065 --> 01:49:35.775
First of all, we have a upside down U, so remember

2076
01:49:35.775 --> 01:49:40.225
that's intersection, there's a top line there, B,

2077
01:49:40.365 --> 01:49:41.665
so we're looking for all the values

2078
01:49:41.815 --> 01:49:44.665
that are in both A as well as B.

2079
01:49:46.775 --> 01:49:49.765
Okay, so A is the set 1, 3, 5,

2080
01:49:50.445 --> 01:49:51.885
B is the set, 1, 2, 3, 4.

2081
01:49:52.505 --> 01:49:54.165
We can see that one is in A

2082
01:49:54.265 --> 01:49:56.525
and B, so that's part of the set.

2083
01:49:57.855 --> 01:50:01.035
We can write a union B, we can start our list off with one,

2084
01:50:02.345 --> 01:50:03.965
two isn't, so that doesn't go on the list.

2085
01:50:04.255 --> 01:50:06.645
Three is, so that can go on our list.

2086
01:50:07.305 --> 01:50:10.965
And then four and five, uh, are unique to one set only.

2087
01:50:11.265 --> 01:50:15.735
So this is the entire set A intersection B, moving on

2088
01:50:15.735 --> 01:50:17.575
to B here we now have a union B.

2089
01:50:17.835 --> 01:50:21.895
So remember that's where, uh, we're looking for all the

2090
01:50:22.575 --> 01:50:25.535
outcomes that are in either one set or in both.

2091
01:50:25.995 --> 01:50:30.555
So in this case, usually these tend

2092
01:50:30.555 --> 01:50:32.315
to be a bit longer sets.

2093
01:50:32.815 --> 01:50:37.495
So we can see one, three and five are in A,

2094
01:50:37.635 --> 01:50:39.815
and then 1, 2, 3, 4 are in B.

2095
01:50:39.955 --> 01:50:41.535
So we can just write all those numbers down.

2096
01:50:41.635 --> 01:50:45.365
So 1, 2, 3, 4, and then five.

2097
01:50:47.585 --> 01:50:50.215
Every single number that I've written down here is either in

2098
01:50:50.335 --> 01:50:53.015
B or it's either in a, or it's in both of them.

2099
01:50:53.835 --> 01:50:55.695
Uh, and then finally we have a complement.

2100
01:50:56.315 --> 01:50:59.295
So, uh, A is 1, 3, 5.

2101
01:51:00.105 --> 01:51:02.725
Our entire sample set is 1, 2, 3, 4, 5, 6.

2102
01:51:03.425 --> 01:51:05.805
So remember a complement, we're looking for the values

2103
01:51:05.875 --> 01:51:10.545
that aren't in a, so one, three

2104
01:51:10.545 --> 01:51:12.665
and five are in a, so we want to avoid those.

2105
01:51:12.925 --> 01:51:14.025
So it's not these ones.

2106
01:51:14.355 --> 01:51:16.425
We're looking at the leftovers two, four, and six.

2107
01:51:19.945 --> 01:51:22.105
Okay, cool.

2108
01:51:23.035 --> 01:51:25.735
Now, Venn diagrams are very useful, especially when it comes

2109
01:51:25.755 --> 01:51:27.815
to dealing with two different sets.

2110
01:51:27.965 --> 01:51:31.425
Like we, like we are here, uh,

2111
01:51:32.065 --> 01:51:35.395
Venn diagrams are a great way of visualizing that

2112
01:51:35.655 --> 01:51:38.355
and just clearing up a lot of confusion with the,

2113
01:51:38.975 --> 01:51:40.865
that might be introduced with the, uh,

2114
01:51:41.205 --> 01:51:43.145
set notation like the intersection sign,

2115
01:51:43.145 --> 01:51:44.705
union sign, et cetera, et cetera.

2116
01:51:45.125 --> 01:51:47.865
So we can represent A and B like this.

2117
01:51:48.645 --> 01:51:50.385
Uh, this might be something that you're familiar with

2118
01:51:50.385 --> 01:51:52.745
as well, if you've covered probability in your class before.

2119
01:51:53.575 --> 01:51:55.555
So all of the values that,

2120
01:51:55.735 --> 01:51:58.445
or all of the outcomes that are in a,

2121
01:51:58.495 --> 01:52:01.565
we're gonna put within this circle right here.

2122
01:52:01.625 --> 01:52:03.285
Let me get my mouse back up. There you go.

2123
01:52:04.215 --> 01:52:07.265
This highlighted circle here, any outcome that's part

2124
01:52:07.265 --> 01:52:08.865
of the set, uh, part of the event.

2125
01:52:08.985 --> 01:52:12.245
A, we're gonna put in this circle, uh,

2126
01:52:12.385 --> 01:52:13.445
that's the same with B.

2127
01:52:13.825 --> 01:52:16.205
Now A intersect B, we're looking at the values

2128
01:52:16.235 --> 01:52:17.445
that are in both A

2129
01:52:17.445 --> 01:52:20.885
and B, not the ones that are also only in A

2130
01:52:20.885 --> 01:52:23.285
or also only in B, both A and B.

2131
01:52:23.345 --> 01:52:25.245
So that's gonna be the intersection literally

2132
01:52:25.385 --> 01:52:26.445
as you can see in the diagram.

2133
01:52:27.475 --> 01:52:32.215
Now, if we're looking at a complement intersect B, first

2134
01:52:32.215 --> 01:52:35.015
of all, a complement is everything outside the bubble

2135
01:52:35.365 --> 01:52:36.975
that we're using to represent A.

2136
01:52:37.755 --> 01:52:41.105
So if I could just color the entire screen in here

2137
01:52:41.245 --> 01:52:45.845
and leave the bubble a white, that's a complement.

2138
01:52:45.905 --> 01:52:47.725
And then we're looking at where that overlaps

2139
01:52:47.985 --> 01:52:49.805
or intersects with B.

2140
01:52:50.415 --> 01:52:52.835
In this case, it's gonna be every part of B

2141
01:52:52.835 --> 01:52:56.465
that doesn't include A itself, that's a complement.

2142
01:52:56.645 --> 01:52:57.945
Uh, intersection B.

2143
01:53:00.435 --> 01:53:01.975
All right, now we have a union B,

2144
01:53:02.995 --> 01:53:06.055
and that's any value that's either in A and B

2145
01:53:06.235 --> 01:53:08.015
or just in A or just in B.

2146
01:53:10.035 --> 01:53:14.255
One thing that we can start doing here is start discovering

2147
01:53:14.465 --> 01:53:18.645
these little formulas that connect, um, the concepts

2148
01:53:18.645 --> 01:53:20.085
of union and intersection

2149
01:53:20.625 --> 01:53:23.485
and some other probability concepts,

2150
01:53:23.485 --> 01:53:24.565
which we'll go into later.

2151
01:53:25.755 --> 01:53:28.285
This formula right here is called the addition rule,

2152
01:53:28.985 --> 01:53:31.475
and it might not make sense at first,

2153
01:53:31.495 --> 01:53:33.195
but if we look at everything graphically

2154
01:53:33.415 --> 01:53:36.315
or well visually, uh, it'll start to make more sense.

2155
01:53:36.655 --> 01:53:39.205
So we know that the probability

2156
01:53:39.205 --> 01:53:42.765
of a union B is this entire yellow shaded area here.

2157
01:53:43.345 --> 01:53:46.555
The probability of A is if we just shaded in this yellow

2158
01:53:46.555 --> 01:53:48.435
bubble, and then the probability

2159
01:53:48.435 --> 01:53:52.845
of B is if we just shaded in this, uh, B bubble.

2160
01:53:54.255 --> 01:53:56.995
So if we were to add those together, then

2161
01:53:57.895 --> 01:53:59.035
add those two bubbles together,

2162
01:53:59.065 --> 01:54:00.715
like we're doing in this first part of the formula,

2163
01:54:01.125 --> 01:54:03.555
we're gonna end up with this overlapping region here.

2164
01:54:04.135 --> 01:54:06.235
So if we minus that out, which is,

2165
01:54:06.555 --> 01:54:09.195
remember this overlapping region is A intersect B,

2166
01:54:09.885 --> 01:54:13.415
then we're gonna end up overall with a union B.

2167
01:54:14.545 --> 01:54:16.085
I'm not sure if I've explained that well.

2168
01:54:16.305 --> 01:54:19.875
Um, it is tough to visualize, uh,

2169
01:54:20.625 --> 01:54:23.595
even if you don't understand it now over time you'll slowly

2170
01:54:23.595 --> 01:54:24.635
come to terms with it.

2171
01:54:26.105 --> 01:54:29.965
Alright? We also have this idea of mutual exclusivity.

2172
01:54:30.345 --> 01:54:32.285
So if we don't have A

2173
01:54:32.285 --> 01:54:37.265
and B overlapping, so that means that there's no part of a,

2174
01:54:37.265 --> 01:54:41.705
that's also a part of B that is the intersection of A and B.

2175
01:54:41.845 --> 01:54:43.385
So that's the overlap between A

2176
01:54:43.385 --> 01:54:45.065
and B is part of the empty set.

2177
01:54:45.125 --> 01:54:48.335
So it has no elements, essentially it doesn't exist.

2178
01:54:49.495 --> 01:54:51.435
Uh, then that means that the events A

2179
01:54:51.435 --> 01:54:53.555
and B are mutually exclusive.

2180
01:54:54.525 --> 01:54:56.665
Uh, so you might, you might have a question

2181
01:54:57.245 --> 01:55:00.345
in the textbook asking you are A and B mutually exclusive

2182
01:55:00.885 --> 01:55:05.105
and you'll just have to use your knowledge of the sets A

2183
01:55:05.105 --> 01:55:08.265
and B to prove that A and B are part of the empty set

2184
01:55:08.265 --> 01:55:10.705
or the probability of A intersect B is zero.

2185
01:55:13.025 --> 01:55:16.325
Um, okay, there's a depiction of what I mean

2186
01:55:16.325 --> 01:55:18.645
by mutually exclusive that clearly don't overlap.

2187
01:55:20.475 --> 01:55:24.445
Okay? Uh, you can also just have a box

2188
01:55:24.445 --> 01:55:27.845
around this entire thing, which will allow you

2189
01:55:27.845 --> 01:55:32.095
to represent outcomes that aren't part of A or B, uh,

2190
01:55:32.195 --> 01:55:34.215
and you would just leave them in this little space

2191
01:55:34.445 --> 01:55:37.135
outside the Venn diagram, but still within this yellow box.

2192
01:55:38.875 --> 01:55:40.995
Okay, so here's some practice.

2193
01:55:41.465 --> 01:55:42.795
It's the same scenario as before,

2194
01:55:43.185 --> 01:55:45.285
but this time we're putting everything into a Venn diagram.

2195
01:55:46.675 --> 01:55:50.845
So I'll draw my first bubble. This is A, and then that's B.

2196
01:55:52.515 --> 01:55:55.685
Okay, so one

2197
01:55:56.575 --> 01:55:58.515
and three are in both A and B.

2198
01:55:58.515 --> 01:55:59.675
So I'll put one and three here.

2199
01:56:01.325 --> 01:56:04.145
Uh, five is only an A, so I'll put five here.

2200
01:56:05.835 --> 01:56:08.415
Two and four are only in B, so we'll put two

2201
01:56:08.415 --> 01:56:09.535
and four in just B.

2202
01:56:10.075 --> 01:56:12.815
And then we also have six, just kind of an outsider.

2203
01:56:13.275 --> 01:56:16.095
So we'll put that there. We can then put a

2204
01:56:16.095 --> 01:56:17.215
box around everything.

2205
01:56:17.435 --> 01:56:19.215
And that is the question complete.

2206
01:56:22.265 --> 01:56:24.565
So there's some prob uh, some properties

2207
01:56:24.565 --> 01:56:25.925
that you should know about probabilities.

2208
01:56:27.485 --> 01:56:30.435
First of all, first rule here, this is kind

2209
01:56:30.435 --> 01:56:32.075
of the definition of probability here.

2210
01:56:32.695 --> 01:56:35.035
Um, the probability of an outcome is the number

2211
01:56:35.035 --> 01:56:36.995
of favorable outcomes over the total

2212
01:56:37.295 --> 01:56:38.515
number of total outcomes.

2213
01:56:38.655 --> 01:56:41.355
Mathematically, that's how probability is defined.

2214
01:56:42.125 --> 01:56:45.985
Um, but this kind of just follows from common sense, right?

2215
01:56:46.175 --> 01:56:49.315
Like if you, uh, can,

2216
01:56:49.575 --> 01:56:52.435
if you can score a goal 50 out of a hundred times, then

2217
01:56:53.415 --> 01:56:57.735
odds are that it take that you have 50% odds

2218
01:56:57.755 --> 01:57:00.095
of scoring a goal the next time you kick the ball.

2219
01:57:00.235 --> 01:57:01.375
That's just how probability works.

2220
01:57:02.035 --> 01:57:06.595
Uh, this next point here, the probability

2221
01:57:06.595 --> 01:57:09.075
of an outcome is always between zero and one.

2222
01:57:09.535 --> 01:57:10.755
So it's always a decimal

2223
01:57:10.775 --> 01:57:13.515
or a fraction that never goes above one.

2224
01:57:14.415 --> 01:57:18.695
Uh, in the scenario with kicking a goal, um,

2225
01:57:19.155 --> 01:57:22.855
or scoring a goal, the probability was 50%,

2226
01:57:22.855 --> 01:57:24.615
which you can also represent is half.

2227
01:57:26.015 --> 01:57:27.035
Uh, okay.

2228
01:57:27.055 --> 01:57:29.475
And then the last thing is the sum

2229
01:57:29.475 --> 01:57:32.075
of all the different outcomes in the sample space

2230
01:57:32.615 --> 01:57:33.995
is gonna be equal to one.

2231
01:57:34.645 --> 01:57:35.985
Now one represents a,

2232
01:57:36.205 --> 01:57:38.385
an a hundred percent probability of something happening.

2233
01:57:38.925 --> 01:57:42.465
So it would make sense for every element in the sample space

2234
01:57:43.045 --> 01:57:47.225
to like for their probabilities to add together to be one,

2235
01:57:47.225 --> 01:57:51.025
because in the end, if you conduct the experiment,

2236
01:57:51.365 --> 01:57:53.745
you're going to a hundred percent be guaranteed

2237
01:57:53.845 --> 01:57:55.345
to get an outcome.

2238
01:57:55.365 --> 01:57:56.785
It doesn't matter what that outcome is.

2239
01:57:57.745 --> 01:58:01.165
Um, so these three rules, it's a good general rule

2240
01:58:01.165 --> 01:58:02.685
to remember both for one and two,

2241
01:58:02.765 --> 01:58:04.765
and you'll find it coming in useful for three

2242
01:58:04.765 --> 01:58:07.235
and four as well, okay?

2243
01:58:07.525 --> 01:58:11.035
Using the same Venn diagram as before you calculate FG

2244
01:58:11.175 --> 01:58:13.315
and well the probability of F probability G,

2245
01:58:13.695 --> 01:58:15.995
and then the probability of F intersect G.

2246
01:58:17.735 --> 01:58:21.335
So these numbers, just think of them as outcomes.

2247
01:58:22.775 --> 01:58:26.835
Uh, we're going to go ahead and start our working here.

2248
01:58:26.895 --> 01:58:30.265
The probability of F, first of all, we have

2249
01:58:30.965 --> 01:58:34.945
1, 2, 3, 4, 5, 6 outcomes in F

2250
01:58:35.785 --> 01:58:36.965
and then in total we have

2251
01:58:36.975 --> 01:58:41.975
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

2252
01:58:44.435 --> 01:58:45.595
outcomes in the sample space.

2253
01:58:46.335 --> 01:58:48.675
So using that first rule at the top there,

2254
01:58:48.865 --> 01:58:52.595
favorable outcomes over total outcomes, our probability

2255
01:58:52.615 --> 01:58:57.275
of F is gonna be by definition, uh, six number

2256
01:58:57.275 --> 01:58:59.995
of elements in f over 20, number

2257
01:58:59.995 --> 01:59:03.725
of elements in the sample space, uh, that would simplify

2258
01:59:03.865 --> 01:59:05.285
to three over 10.

2259
01:59:06.785 --> 01:59:08.485
Uh, and what you'll notice about that result

2260
01:59:08.485 --> 01:59:10.485
as well is it satisfies the second outcome

2261
01:59:10.545 --> 01:59:12.005
or the second point there as well,

2262
01:59:12.355 --> 01:59:13.925
that every single outcome has a

2263
01:59:13.925 --> 01:59:15.125
probability between zero and one.

2264
01:59:16.295 --> 01:59:20.745
Okay? Uh, the probability of G we can use the same logic.

2265
01:59:20.915 --> 01:59:25.505
We've got 1, 2, 3, 4, 5, 6, 7, 8 outcomes in G.

2266
01:59:25.525 --> 01:59:28.825
So we do eight over 20, which simplifies two, two over five.

2267
01:59:30.005 --> 01:59:31.105
Uh, just dividing the top

2268
01:59:31.105 --> 01:59:32.505
and bottom of the fraction by four.

2269
01:59:32.885 --> 01:59:35.425
And then last of all, we have probably of F intersect.

2270
01:59:35.585 --> 01:59:35.705
G,

2271
01:59:39.695 --> 01:59:41.435
oh, there we go.

2272
01:59:41.785 --> 01:59:44.595
Okay, if intersect G,

2273
01:59:44.595 --> 01:59:46.275
we only have one element in, that's it.

2274
01:59:47.355 --> 01:59:50.285
So again, intersect means we're looking

2275
01:59:50.385 --> 01:59:52.365
for the overlap between F and G.

2276
01:59:52.505 --> 01:59:56.455
So that's just three. Um, in this case,

2277
01:59:56.455 --> 01:59:58.175
that's only one outcome out of 20.

2278
01:59:58.715 --> 02:00:00.615
So that's gonna be our odds there.

2279
02:00:02.375 --> 02:00:05.065
Without looking at the diagram, we need to calculate this.

2280
02:00:05.575 --> 02:00:08.715
Okay, so we don't have the diagram.

2281
02:00:08.905 --> 02:00:10.635
That means we need to use some kind of formula.

2282
02:00:10.975 --> 02:00:13.315
And remember we looked at the addition formula beforehand,

2283
02:00:14.165 --> 02:00:18.555
which stated that this is gonna be equal to the probability

2284
02:00:18.555 --> 02:00:21.545
of f plus the probability of G

2285
02:00:22.475 --> 02:00:26.955
minus the probability of F intersect G.

2286
02:00:27.225 --> 02:00:31.845
Okay? So the probability of F was three over 10,

2287
02:00:32.285 --> 02:00:33.285
probably G is two over five,

2288
02:00:33.425 --> 02:00:36.485
and then that of F intersect G is one over 20.

2289
02:00:37.305 --> 02:00:40.475
So this would then be three over 10

2290
02:00:41.845 --> 02:00:45.905
plus two over five minus one over 20,

2291
02:00:46.835 --> 02:00:49.585
which is going to be, we'll write everything

2292
02:00:49.585 --> 02:00:51.105
with a common denominator.

2293
02:00:51.715 --> 02:00:56.265
Six over 20 plus, uh, what is that?

2294
02:00:56.265 --> 02:01:00.345
Eight over 20 minus one over 26 plus eight

2295
02:01:00.345 --> 02:01:01.385
minus one is 13.

2296
02:01:02.005 --> 02:01:06.695
So we get 13 over 20. That's our answer. Okay?

2297
02:01:06.695 --> 02:01:09.575
Knowing that one event has occurred affects the probability

2298
02:01:09.645 --> 02:01:12.655
that another event has also occurred.

2299
02:01:12.805 --> 02:01:14.975
This is the idea of conditional probability.

2300
02:01:15.745 --> 02:01:17.485
So, and you'll find this, you know,

2301
02:01:17.485 --> 02:01:21.685
in many different situations in life, um, for instance, if

2302
02:01:22.945 --> 02:01:25.085
one day it rains, it's probably

2303
02:01:25.085 --> 02:01:26.245
gonna rain the next day, right?

2304
02:01:26.245 --> 02:01:27.965
Because the storm's still around the,

2305
02:01:28.025 --> 02:01:29.925
the rain clouds are gonna stick around

2306
02:01:29.945 --> 02:01:31.205
for another day most likely.

2307
02:01:32.225 --> 02:01:36.845
Uh, and then even in more, in less probabilistic scenarios,

2308
02:01:36.845 --> 02:01:40.125
like if a car drawn from a deck is black, uh,

2309
02:01:40.125 --> 02:01:42.325
there's gonna be a higher chance than that,

2310
02:01:42.325 --> 02:01:43.685
it is spades than before.

2311
02:01:43.705 --> 02:01:45.645
And that's just due to the fact

2312
02:01:45.645 --> 02:01:47.805
that you only have 52 cards in the deck.

2313
02:01:48.635 --> 02:01:51.835
Um, okay, so

2314
02:01:53.815 --> 02:01:58.125
this idea that one, uh, event happening

2315
02:01:58.795 --> 02:02:01.005
affects the probabilities of the other event is

2316
02:02:01.005 --> 02:02:03.405
what we refer to as this idea of conditional probability.

2317
02:02:03.905 --> 02:02:07.965
And the way we can express it is using this notation here,

2318
02:02:09.475 --> 02:02:13.315
oh, okay, so the probability of a given

2319
02:02:13.385 --> 02:02:15.595
that B already happened, that's what this means.

2320
02:02:16.055 --> 02:02:17.885
And we have a formula here for A two.

2321
02:02:18.035 --> 02:02:21.885
It's given by the probability of A intersect, B

2322
02:02:22.645 --> 02:02:24.135
over the probability of B.

2323
02:02:25.485 --> 02:02:26.985
So that's just a formula that you should,

2324
02:02:27.045 --> 02:02:28.505
you'll have to accept over time.

2325
02:02:29.365 --> 02:02:32.585
Um, I'm not sure if we have a derivation

2326
02:02:32.605 --> 02:02:33.825
for it later in the slides.

2327
02:02:34.125 --> 02:02:36.245
If we do though, that'll be good

2328
02:02:36.245 --> 02:02:38.165
because it'll be easier to remember this formula.

2329
02:02:38.505 --> 02:02:41.605
But this is how we express the probability of a given

2330
02:02:41.605 --> 02:02:43.245
that B already has happened.

2331
02:02:43.345 --> 02:02:46.365
So if we're talking about it raining the next day,

2332
02:02:46.585 --> 02:02:50.845
and B, meaning that it rained today, then uh,

2333
02:02:50.845 --> 02:02:52.805
the probability of a given

2334
02:02:52.805 --> 02:02:55.205
that B already happened would be us looking at the

2335
02:02:55.205 --> 02:02:56.885
probability of raining tomorrow, given

2336
02:02:56.885 --> 02:02:58.405
that it's already rained today.

2337
02:02:59.895 --> 02:03:04.245
Uh, another way of displaying probability information is

2338
02:03:04.265 --> 02:03:07.205
by using this thing called, uh, koff map.

2339
02:03:07.305 --> 02:03:09.485
I'm not exactly sure how to pronounce it.

2340
02:03:09.995 --> 02:03:11.565
It's also called a probability table.

2341
02:03:11.565 --> 02:03:13.125
This is what I refer to it as.

2342
02:03:13.955 --> 02:03:18.665
Um, and you can see here we've just in the columns,

2343
02:03:18.665 --> 02:03:23.345
in the rows, we've laid out the probabilities of A

2344
02:03:23.405 --> 02:03:27.265
and B happening together, or A and not B happening together,

2345
02:03:28.045 --> 02:03:30.345
or not A and B happening together

2346
02:03:30.405 --> 02:03:31.865
or neither of them happening together.

2347
02:03:32.615 --> 02:03:35.355
You can see that if you sum along the, uh,

2348
02:03:35.825 --> 02:03:38.575
along the rows here, then you get the probability of a

2349
02:03:38.715 --> 02:03:40.135
and the probability of a compliment,

2350
02:03:40.555 --> 02:03:43.255
and some along the columns you get the probability of B

2351
02:03:43.255 --> 02:03:45.335
and the probability of B compliment.

2352
02:03:45.795 --> 02:03:48.845
And then if you sum along the

2353
02:03:50.495 --> 02:03:52.805
final column in the final row, you'll get one.

2354
02:03:52.865 --> 02:03:56.395
And that's just because if you add up the probability

2355
02:03:56.395 --> 02:03:59.075
of a happening and a not happening, obviously

2356
02:03:59.075 --> 02:04:00.635
that's gonna refer to all outcomes.

2357
02:04:01.295 --> 02:04:04.275
And so that's just gonna have a probability of one, same

2358
02:04:04.275 --> 02:04:06.795
with the probability of B and b compliment.

2359
02:04:08.365 --> 02:04:12.525
Okay? So in terms of applying the probability table

2360
02:04:12.525 --> 02:04:16.175
that we just looked at, uh, you kind of learned through more

2361
02:04:16.195 --> 02:04:18.815
and more questions when it's gonna come in useful.

2362
02:04:19.205 --> 02:04:21.095
This is the characteristic kind of question

2363
02:04:21.095 --> 02:04:23.575
where you're gonna end up having to use a probability table.

2364
02:04:24.205 --> 02:04:26.585
So it says the probability that Cynthia walks to school

2365
02:04:26.585 --> 02:04:28.505
and it's raining is 0.1.

2366
02:04:29.465 --> 02:04:32.085
The probability that doesn't rain is 0.6,

2367
02:04:32.225 --> 02:04:35.635
and the probability that Cynthia walks is 0.7.

2368
02:04:37.145 --> 02:04:39.765
So, okay, the question tells us using a car mat,

2369
02:04:39.765 --> 02:04:42.765
what is the probability that on any given day she doesn't

2370
02:04:42.765 --> 02:04:43.765
walk and it isn't raining?

2371
02:04:43.765 --> 02:04:45.605
But even if you weren't given that last sentence,

2372
02:04:46.195 --> 02:04:48.125
this sentence over, as you do more

2373
02:04:48.125 --> 02:04:51.645
and more questions over time, you'll know immediately, oh,

2374
02:04:51.645 --> 02:04:53.245
okay, I need to use a probability table.

2375
02:04:53.905 --> 02:04:58.205
So, uh, let's lay out the information we have.

2376
02:04:59.985 --> 02:05:01.565
Uh, yeah, there we go.

2377
02:05:03.325 --> 02:05:06.065
So first off, we'll fill in the information.

2378
02:05:06.065 --> 02:05:10.285
We know probably Cynthia walks to school when it's raining,

2379
02:05:10.425 --> 02:05:12.285
so she walks to school when it's raining,

2380
02:05:12.285 --> 02:05:13.965
that's an intersection of those two events.

2381
02:05:14.295 --> 02:05:16.925
We're gonna put 0.1 in this box right here.

2382
02:05:18.345 --> 02:05:21.165
The prob that it doesn't rain is 0.6.

2383
02:05:21.385 --> 02:05:25.085
So the probability of rain compliment, so not raining.

2384
02:05:26.045 --> 02:05:27.685
Remember we go all the way to the end.

2385
02:05:27.955 --> 02:05:30.205
This is gonna be the probability that it doesn't rain.

2386
02:05:31.095 --> 02:05:32.835
That's gonna be 0.6.

2387
02:05:34.145 --> 02:05:36.285
The probability that Cynthia walks is 0.7.

2388
02:05:36.905 --> 02:05:39.315
So Cynthia walking is represented by w.

2389
02:05:39.535 --> 02:05:41.075
We go all the way down to the bottom,

2390
02:05:41.665 --> 02:05:46.195
this is gonna the probability of W and we put a 0.7 there.

2391
02:05:46.925 --> 02:05:49.915
So forget about all these other

2392
02:05:49.915 --> 02:05:51.035
values that we've written down.

2393
02:05:51.695 --> 02:05:55.715
We know that this box is 0.1, this box is 0.6,

2394
02:05:56.305 --> 02:05:58.955
this box is 0.7, and this box is one.

2395
02:06:00.095 --> 02:06:03.355
We don't have these five values here, 0.4, 0.30,

2396
02:06:03.355 --> 02:06:04.435
0.3, and 0.6.

2397
02:06:04.435 --> 02:06:06.395
We don't know those yet, but we can just fill

2398
02:06:06.395 --> 02:06:07.555
in the gaps, right?

2399
02:06:08.015 --> 02:06:12.965
We know that 0.1 plus whatever's in this box has

2400
02:06:12.965 --> 02:06:13.965
to give us 0.7.

2401
02:06:14.875 --> 02:06:18.855
And so that number in this box has to be 0.6 so

2402
02:06:18.855 --> 02:06:21.175
that these add together accordingly.

2403
02:06:21.845 --> 02:06:26.535
Same with, uh, this column here we have 0.6 and one here.

2404
02:06:26.595 --> 02:06:28.695
So that means this number has to be 0.4 so

2405
02:06:28.695 --> 02:06:30.055
that they add together to give one,

2406
02:06:30.695 --> 02:06:32.315
and then that allows us to fill in this box

2407
02:06:32.315 --> 02:06:34.555
and then that allows to fill in the subsequent

2408
02:06:34.575 --> 02:06:36.465
box, uh, boxes.

2409
02:06:37.805 --> 02:06:39.665
Now to answer the question, it's raining today.

2410
02:06:39.665 --> 02:06:41.625
What's the probability that Cynthia walks?

2411
02:06:43.055 --> 02:06:45.355
Um, and so we have it raining today.

2412
02:06:46.375 --> 02:06:49.125
We're looking for the probability that she walks.

2413
02:06:50.375 --> 02:06:51.955
We know that it's already raining.

2414
02:06:52.665 --> 02:06:57.555
So that's the kind of conditional probability.

2415
02:06:59.265 --> 02:07:02.735
Uh, so we go pr, we're looking

2416
02:07:02.735 --> 02:07:04.015
for the probability that she walks.

2417
02:07:04.555 --> 02:07:06.935
So walk, given that it's already raining today.

2418
02:07:07.035 --> 02:07:09.095
So this is a conditional probability statement.

2419
02:07:10.065 --> 02:07:12.725
The probability that she walks and it's raining today.

2420
02:07:14.295 --> 02:07:16.515
Uh, this should be an R, sorry, not a, not a B.

2421
02:07:17.425 --> 02:07:22.115
Okay, so going back to our conditional probability statement

2422
02:07:22.215 --> 02:07:25.665
or formula here, it's the probability of A intersect,

2423
02:07:25.825 --> 02:07:27.745
B over the probability of B.

2424
02:07:29.075 --> 02:07:33.575
So going back to here, we can go ahead and write that in.

2425
02:07:33.575 --> 02:07:37.175
Where is my mouse on? Oh, there it is. Okay.

2426
02:07:38.525 --> 02:07:42.865
So that's gonna be the probability of W intersect R

2427
02:07:44.005 --> 02:07:46.495
over the probability of R,

2428
02:07:46.755 --> 02:07:49.095
but just you taking that conditional probability formula

2429
02:07:49.595 --> 02:07:52.895
and substituting in R for B and W for A.

2430
02:07:54.235 --> 02:07:56.605
So this is something

2431
02:07:56.765 --> 02:07:59.205
that we couldn't find using our probability table,

2432
02:07:59.305 --> 02:08:02.225
but this is something that we can find the probability

2433
02:08:02.285 --> 02:08:05.705
of W intersect R is just gonna be this value

2434
02:08:05.705 --> 02:08:06.825
right here, 0.1.

2435
02:08:08.085 --> 02:08:10.265
That's what that cell represents in the table.

2436
02:08:11.275 --> 02:08:14.775
The probability of R happening is this value at the very end

2437
02:08:15.115 --> 02:08:16.335
of the row.

2438
02:08:17.125 --> 02:08:18.185
That's 0.4.

2439
02:08:18.485 --> 02:08:22.305
So 0.1 divided by 0.4, that's gonna be one over four.

2440
02:08:22.865 --> 02:08:25.935
That's our answer there. Okay?

2441
02:08:27.535 --> 02:08:31.835
We also have this idea of independence of events.

2442
02:08:32.295 --> 02:08:34.095
So two events, A

2443
02:08:34.095 --> 02:08:38.585
and B, if we don't have any conditional aspect to it,

2444
02:08:38.615 --> 02:08:42.955
like if we do an event, let's say A, and then we,

2445
02:08:43.005 --> 02:08:44.555
after that we do an event B,

2446
02:08:44.735 --> 02:08:48.555
and the odds of a particular outcome in B um,

2447
02:08:48.985 --> 02:08:52.075
haven't changed whether or not we did a previously

2448
02:08:52.075 --> 02:08:54.995
or not, then those two events are independent.

2449
02:08:55.915 --> 02:08:59.615
Uh, if I had to think of an example, let's think

2450
02:08:59.615 --> 02:09:01.375
of two completely unrelated events.

2451
02:09:01.955 --> 02:09:06.125
Like let's say the odds of a eruption happening in Indonesia

2452
02:09:06.905 --> 02:09:10.545
and then me kicking a ball the next day.

2453
02:09:10.545 --> 02:09:11.745
They're completely unrelated.

2454
02:09:11.745 --> 02:09:15.785
So the odds of even whether it the volcano erupts in

2455
02:09:15.785 --> 02:09:18.785
Indonesia or not, uh, it's not gonna change my odds

2456
02:09:18.785 --> 02:09:20.305
of kicking a ball the next day.

2457
02:09:20.815 --> 02:09:21.995
So those are independent events.

2458
02:09:23.335 --> 02:09:26.645
Um, the thing

2459
02:09:26.645 --> 02:09:30.285
that you should note about independent events is there's a

2460
02:09:30.285 --> 02:09:31.845
way that you can prove two events

2461
02:09:31.845 --> 02:09:33.045
that independent mathematically,

2462
02:09:33.185 --> 02:09:35.445
and that's through using this formula here.

2463
02:09:36.305 --> 02:09:39.845
So if two events are independent, then

2464
02:09:40.665 --> 02:09:43.605
the probability of the intersection between the events.

2465
02:09:43.905 --> 02:09:47.685
So let's say the volcano does erupt and I do kick the ball.

2466
02:09:48.065 --> 02:09:50.845
That's going to prob be the probability of me

2467
02:09:51.395 --> 02:09:54.845
kicking the ball multiplied by the, uh, probability

2468
02:09:54.905 --> 02:09:56.845
of the eruption in Indonesia happening.

2469
02:09:57.465 --> 02:10:00.565
The two of the two probabilities are just multiplied,

2470
02:10:01.695 --> 02:10:03.035
and the way we get to that formula

2471
02:10:03.735 --> 02:10:05.955
is using the conditional probability formula.

2472
02:10:06.945 --> 02:10:11.765
We know that the probability of A given B is this according

2473
02:10:11.765 --> 02:10:13.565
to the conditional probability formula,

2474
02:10:14.605 --> 02:10:19.365
but we also know that since whether B happens

2475
02:10:19.385 --> 02:10:22.845
or not, it has no bearing on a happening, then the poverty

2476
02:10:22.905 --> 02:10:26.325
of a given that b ha, given that B happens,

2477
02:10:26.585 --> 02:10:28.365
is still just the probability of a itself.

2478
02:10:29.405 --> 02:10:32.825
So what we can actually do then is

2479
02:10:33.345 --> 02:10:37.405
we substitute in the probability of a, for the probability

2480
02:10:37.405 --> 02:10:40.685
of a intersect, no probability of A given B,

2481
02:10:41.575 --> 02:10:44.875
and then we multiply both sides by probability of B

2482
02:10:44.895 --> 02:10:47.715
and we get to our independent events formula.

2483
02:10:49.965 --> 02:10:52.215
Okay? You don't need to know how we derive that though,

2484
02:10:52.215 --> 02:10:55.575
it's just out of, um, if any of you're curious about that.

2485
02:10:57.155 --> 02:10:58.885
Okay. So are Cynthia walking in at

2486
02:10:59.005 --> 02:11:00.045
reigning independent events?

2487
02:11:00.305 --> 02:11:02.885
How would we prove that? We just use that formula that we,

2488
02:11:03.465 --> 02:11:05.165
uh, saw on the previous slide.

2489
02:11:05.305 --> 02:11:07.325
So we need what we require

2490
02:11:10.115 --> 02:11:14.015
the probability of w multiplied by the probability of R

2491
02:11:14.785 --> 02:11:18.255
being equal to the probability of W intersect.

2492
02:11:19.495 --> 02:11:23.195
Ah, oops. I keep writing B. This is supposed to be an R.

2493
02:11:24.595 --> 02:11:26.485
Okay, so the probability of R

2494
02:11:28.015 --> 02:11:30.605
is 0.4.

2495
02:11:31.545 --> 02:11:34.785
Remember this is R here we go to the end of the row.

2496
02:11:34.845 --> 02:11:35.905
That's 0.4.

2497
02:11:36.605 --> 02:11:38.385
The probability of W

2498
02:11:39.965 --> 02:11:41.665
is 0.7.

2499
02:11:43.565 --> 02:11:44.985
So that's this cell down here,

2500
02:11:45.745 --> 02:11:47.205
and then the probability of

2501
02:11:48.605 --> 02:11:51.445
w intersect R is 0.1.

2502
02:11:54.025 --> 02:11:57.875
Um, we can notice though that 0.4

2503
02:11:59.265 --> 02:12:02.935
times 0.7, that's gonna be something like 0.28.

2504
02:12:03.435 --> 02:12:05.295
That's not gonna be equal to 0.1.

2505
02:12:05.715 --> 02:12:07.575
So then we can say, uh,

2506
02:12:09.065 --> 02:12:10.835
that the events are not independent.

2507
02:12:14.465 --> 02:12:18.975
So that means that if Cynthia walks, then

2508
02:12:19.485 --> 02:12:20.895
it's a, there's a higher likelihood

2509
02:12:20.995 --> 02:12:23.575
or lower likelihood that it rains the next day.

2510
02:12:23.635 --> 02:12:27.655
The events are related. Um, it's not that if she walks,

2511
02:12:28.005 --> 02:12:30.295
there's the same likelihood of it raining the next day.

2512
02:12:32.225 --> 02:12:35.755
Okay? The final way we can visualize probabilities is

2513
02:12:35.755 --> 02:12:37.235
with tree diagrams.

2514
02:12:37.455 --> 02:12:39.795
So you might've encountered this in your

2515
02:12:39.795 --> 02:12:41.075
probability studies before.

2516
02:12:42.425 --> 02:12:46.385
All we do is we draw out some

2517
02:12:48.095 --> 02:12:52.615
branches and then we put, first of all, we consider the, uh,

2518
02:12:52.905 --> 02:12:56.695
first event, A, whether it happens or it doesn't happen.

2519
02:12:56.995 --> 02:13:00.535
So represent that by a and then a complement respectively,

2520
02:13:00.635 --> 02:13:04.255
and then we can branch out from there, uh, based on what B,

2521
02:13:04.255 --> 02:13:05.695
whether B happens or not.

2522
02:13:07.145 --> 02:13:08.245
Now, this is really useful

2523
02:13:08.395 --> 02:13:13.125
because what actually happens is if we assign probabilities

2524
02:13:13.185 --> 02:13:15.045
to each of these events, let's say the odds

2525
02:13:15.045 --> 02:13:17.605
of a happening is 0.4, so the odds

2526
02:13:17.605 --> 02:13:18.805
of a complement happening,

2527
02:13:18.985 --> 02:13:21.845
so not a happening is gonna be 0.6.

2528
02:13:23.195 --> 02:13:25.815
And then if we have similar, we have, well,

2529
02:13:25.815 --> 02:13:28.175
not similar probabilities, different probabilities for

2530
02:13:28.855 --> 02:13:33.335
B happening, let's say 0.3, 0.7, uh,

2531
02:13:33.525 --> 02:13:38.335
0.6, 0.4, um,

2532
02:13:39.975 --> 02:13:43.855
actually no, these would also be 0.3 and 0.7.

2533
02:13:45.235 --> 02:13:47.295
So what we can actually do is we want, if we're looking

2534
02:13:47.315 --> 02:13:49.855
for the probability of A intersect B,

2535
02:13:50.975 --> 02:13:54.465
then we can just multiply these two numbers along here.

2536
02:13:54.525 --> 02:13:57.775
So we're, we're looking at this particular branch, I believe

2537
02:13:57.775 --> 02:13:58.975
that's what we do in the next slide here.

2538
02:13:59.005 --> 02:14:02.875
Yeah, there we go. So we multiply along this branch,

2539
02:14:03.255 --> 02:14:06.195
we had 0.4 here, I believe,

2540
02:14:06.215 --> 02:14:08.965
and 0.3 we can do

2541
02:14:13.105 --> 02:14:15.475
0.4 times 0.3

2542
02:14:15.735 --> 02:14:19.435
and get the probability of A intersect B happening.

2543
02:14:19.435 --> 02:14:21.355
So A and B happening simultaneously.

2544
02:14:23.155 --> 02:14:24.735
That's the power of pre diagrams.

2545
02:14:25.875 --> 02:14:27.975
Uh, and one thing to note there is

2546
02:14:27.975 --> 02:14:30.615
that we're just rearranging the conditional probability

2547
02:14:30.615 --> 02:14:32.175
formula when we do that.

2548
02:14:32.795 --> 02:14:36.995
Um, 'cause again, the conditional probability formula for

2549
02:14:38.185 --> 02:14:41.585
B given that A has happened is a probability of

2550
02:14:42.465 --> 02:14:46.625
B intersect A all over the probability of a

2551
02:14:47.755 --> 02:14:48.955
multiply both sides by A,

2552
02:14:54.075 --> 02:14:56.905
we're going to get probability of A intersect B,

2553
02:14:58.715 --> 02:15:01.095
or in this case B insect A, which is the same thing.

2554
02:15:02.925 --> 02:15:04.705
Um, yeah, there you go.

2555
02:15:06.565 --> 02:15:08.865
So one thing to note is that

2556
02:15:10.375 --> 02:15:13.895
if the question asks you about two events

2557
02:15:14.645 --> 02:15:18.625
and it wants both of them to happen at the same time, then

2558
02:15:19.245 --> 02:15:22.145
you most likely gonna be multiplying probabilities.

2559
02:15:22.485 --> 02:15:25.265
So in this case, we want A and B to happen at the same time.

2560
02:15:25.685 --> 02:15:27.945
So we multiply 0.4 and 0.3.

2561
02:15:29.265 --> 02:15:33.805
If though it wants the probability of one event happening

2562
02:15:34.535 --> 02:15:37.875
and then also the probability of another event happening,

2563
02:15:38.255 --> 02:15:40.355
one or the other, not both happening at the same time,

2564
02:15:40.985 --> 02:15:42.835
then generally you're gonna use addition.

2565
02:15:42.975 --> 02:15:44.355
So if we go back to the pre diagram,

2566
02:15:45.305 --> 02:15:48.215
let's say the question asks us what is the probability of,

2567
02:15:49.165 --> 02:15:53.095
uh, lemme get my mouse back A

2568
02:15:53.555 --> 02:15:56.295
and B happening, or the probability of A

2569
02:15:56.915 --> 02:15:59.185
and B complement happening,

2570
02:15:59.535 --> 02:16:01.745
then you would individually find the probability

2571
02:16:01.765 --> 02:16:03.945
of those two events and then just add them together

2572
02:16:04.135 --> 02:16:07.785
because they're, we separated them using that word

2573
02:16:07.965 --> 02:16:10.945
or, okay, so,

2574
02:16:11.045 --> 02:16:13.025
and means multiply or means add.

2575
02:16:14.775 --> 02:16:16.595
So we've got another question here in Blairsville.

2576
02:16:16.595 --> 02:16:18.715
If it rains the previous day, the chance

2577
02:16:18.715 --> 02:16:20.155
of rain today is 0.6.

2578
02:16:21.225 --> 02:16:23.565
If, if it doesn't rain the previous day, then the chance

2579
02:16:23.565 --> 02:16:24.805
of rain today is 0.3.

2580
02:16:24.985 --> 02:16:27.245
So using a pre diagram, if it rains on Monday,

2581
02:16:27.395 --> 02:16:30.995
what is the probability that rains on Wednesday?

2582
02:16:31.385 --> 02:16:34.955
Okay, so we'll set up our tree diagram.

2583
02:16:35.725 --> 02:16:37.545
The first event, is it raining on Monday?

2584
02:16:38.085 --> 02:16:42.405
So we, we'll call that rain on Monday,

2585
02:16:42.705 --> 02:16:46.205
or it doesn't rain on Monday, that's our compliment.

2586
02:16:47.305 --> 02:16:50.115
This is Monday and it says

2587
02:16:52.175 --> 02:16:54.595
if it rains the previous day, the chance of rain today

2588
02:16:55.845 --> 02:16:57.345
is 0.6.

2589
02:16:59.795 --> 02:17:04.255
All right, so the thing is we don't know, oh, we,

2590
02:17:04.275 --> 02:17:06.495
we know actually we know that it rained on Monday.

2591
02:17:06.955 --> 02:17:10.895
So what we'd actually do,

2592
02:17:10.895 --> 02:17:12.335
this wouldn't be Monday, this would be Tuesday.

2593
02:17:13.275 --> 02:17:16.725
So Monday is represented back here.

2594
02:17:17.995 --> 02:17:21.255
We know that we're coming from a day where it rained,

2595
02:17:21.895 --> 02:17:24.605
which means that, uh, the chance

2596
02:17:24.605 --> 02:17:29.295
of rain today is gonna be 0.30, no, the chance,

2597
02:17:29.315 --> 02:17:32.095
the chance of rain today is 0.6 'cause it rained

2598
02:17:32.835 --> 02:17:36.975
and then the chance that it doesn't rain is 0.0 0.4.

2599
02:17:38.985 --> 02:17:41.685
So remember all the, these, these probabilities need to add

2600
02:17:41.685 --> 02:17:43.365
to one 0.6 and 0.4.

2601
02:17:44.925 --> 02:17:45.985
So it rained on Monday,

2602
02:17:46.785 --> 02:17:49.085
but the chance of it raining on Tuesday is 0.6.

2603
02:17:49.625 --> 02:17:52.485
So the chance of it not raining is one minus 0.6,

2604
02:17:52.485 --> 02:17:53.485
which is 0.4.

2605
02:17:54.365 --> 02:17:55.945
Uh, then we can look at Wednesday

2606
02:17:59.345 --> 02:18:00.915
whether it rains or not.

2607
02:18:00.915 --> 02:18:02.195
That's our event of concern.

2608
02:18:02.975 --> 02:18:05.965
So rain, not rain, uh,

2609
02:18:05.985 --> 02:18:08.005
and then rain and not rain.

2610
02:18:09.525 --> 02:18:12.665
So if it rained on Tuesday, then the odds

2611
02:18:12.665 --> 02:18:16.305
of it raining on Wednesday are 0.6, 0.4 for not raining.

2612
02:18:16.725 --> 02:18:19.575
If it didn't rain on Tuesday, then the odds

2613
02:18:19.575 --> 02:18:21.855
of it raining on Wednesday is 0.3

2614
02:18:22.565 --> 02:18:25.315
and see that there 0.3

2615
02:18:25.495 --> 02:18:28.395
and then the odds of it not raining is 0.7.

2616
02:18:29.645 --> 02:18:30.955
We're looking for the probability

2617
02:18:31.225 --> 02:18:33.155
that it rains on Wednesday.

2618
02:18:33.735 --> 02:18:36.725
So what are the outcomes where it rains on Wednesday?

2619
02:18:36.795 --> 02:18:39.795
It's this one or it's this one.

2620
02:18:40.335 --> 02:18:41.755
So since, since there's that

2621
02:18:41.855 --> 02:18:44.955
or word, we want to add these two probabilities.

2622
02:18:45.375 --> 02:18:49.125
So if it rains on Wednesday, we're looking for um,

2623
02:18:50.405 --> 02:18:55.275
0.6 times 0.6 going along this branch here

2624
02:18:55.275 --> 02:18:59.135
of the tree diagram, 0.6 times 0.6,

2625
02:18:59.995 --> 02:19:02.535
and then we're looking at the alternative outcome.

2626
02:19:02.595 --> 02:19:05.695
It doesn't rain on Tuesday, but it still rains on Wednesday.

2627
02:19:06.075 --> 02:19:09.255
So that's going to be multiplying along this branch here,

2628
02:19:09.445 --> 02:19:11.095
0.4 times 0.3.

2629
02:19:14.105 --> 02:19:18.045
So this is gonna be 0.36 and this is gonna be 0.12.

2630
02:19:18.555 --> 02:19:21.485
This is gonna be 0.48. That's our answer.

2631
02:19:23.565 --> 02:19:24.705
Uh, okay, cool.

2632
02:19:29.005 --> 02:19:30.345
Um, all right,

2633
02:19:30.445 --> 02:19:34.505
so we're just gonna finish off briefly exploring this idea

2634
02:19:34.525 --> 02:19:35.585
of combinations.

2635
02:19:36.805 --> 02:19:39.225
So we know already that the probability

2636
02:19:39.285 --> 02:19:43.705
of an outcome is given by the number of favorable outcomes,

2637
02:19:43.765 --> 02:19:48.155
the number of outcomes, uh, in that event or,

2638
02:19:48.495 --> 02:19:51.395
or well all over the number of total outcomes.

2639
02:19:51.395 --> 02:19:53.195
So the number of outcomes in the sample space.

2640
02:19:54.935 --> 02:19:59.205
So we've considered scenarios so far where it's really easy

2641
02:19:59.305 --> 02:20:01.645
to figure out how many outcomes there are.

2642
02:20:01.875 --> 02:20:04.965
Like in the case of the previous, in, in the case

2643
02:20:04.965 --> 02:20:06.205
of this scenario here,

2644
02:20:06.785 --> 02:20:09.885
our outcome is either it rains on Tuesday and Wednesday

2645
02:20:09.885 --> 02:20:11.565
or it rains on Tuesday, doesn't rain on

2646
02:20:11.565 --> 02:20:13.245
Wednesday, so on and so forth.

2647
02:20:13.305 --> 02:20:14.725
We have four possible outcomes.

2648
02:20:15.435 --> 02:20:18.585
Sometimes it's hard to know exactly

2649
02:20:18.645 --> 02:20:19.785
how many outcomes you have

2650
02:20:20.405 --> 02:20:21.415
because there's just

2651
02:20:21.435 --> 02:20:24.415
so many different events going on one after the other.

2652
02:20:24.755 --> 02:20:26.295
And this is where combinations come in.

2653
02:20:26.295 --> 02:20:28.495
It helps us figure out how many outcomes there are.

2654
02:20:29.895 --> 02:20:33.795
So more specifically what combinations are is

2655
02:20:33.795 --> 02:20:36.395
that it tells us the number of ways we can select

2656
02:20:36.975 --> 02:20:41.325
our successes from a group of size n um,

2657
02:20:41.465 --> 02:20:44.725
and the notation for this is n choose R.

2658
02:20:44.725 --> 02:20:46.445
This is, that's how we describe it.

2659
02:20:47.105 --> 02:20:50.005
Either you can express it in this way in the exam

2660
02:20:50.065 --> 02:20:54.075
or this way in the exam, BCA accepts either, um, the formula

2661
02:20:54.415 --> 02:20:59.275
for this expression here, n choose R is this here,

2662
02:20:59.635 --> 02:21:03.675
n factorial over r factorial times N

2663
02:21:03.725 --> 02:21:05.075
minus R factorial.

2664
02:21:05.615 --> 02:21:07.925
We'll go onto what the factorial means in the next slide.

2665
02:21:08.545 --> 02:21:12.595
But what this tells us is, for instance, if we need

2666
02:21:12.595 --> 02:21:15.595
to get four questions right out of five on a test,

2667
02:21:16.675 --> 02:21:18.455
that's gonna be a whole list of outcomes.

2668
02:21:18.455 --> 02:21:20.655
Either we could get the first four questions right

2669
02:21:20.675 --> 02:21:23.455
and the last one wrong, or we could get the first three,

2670
02:21:23.455 --> 02:21:25.935
right, the fourth one wrong and the fifth one, right?

2671
02:21:26.355 --> 02:21:28.855
Or we could get the first one right, the second one, right,

2672
02:21:29.435 --> 02:21:30.575
uh, the fifth one, right?

2673
02:21:30.575 --> 02:21:31.735
And the third one, right? There's

2674
02:21:31.735 --> 02:21:32.815
so many different outcomes.

2675
02:21:33.685 --> 02:21:36.525
Um, this will be able to tell us exactly

2676
02:21:36.865 --> 02:21:38.765
how many different ways we can get.

2677
02:21:39.105 --> 02:21:40.925
Uh, four questions right out of five

2678
02:21:41.575 --> 02:21:43.875
and this mathematical operation here

2679
02:21:43.975 --> 02:21:47.515
and choose are in this case five, choose four will tell us

2680
02:21:47.815 --> 02:21:50.235
how many different ways there are for us to do that,

2681
02:21:50.295 --> 02:21:51.755
how many different outcomes there are.

2682
02:21:53.255 --> 02:21:57.915
Now in terms of what a factorial is, uh, it's denoted first

2683
02:21:57.915 --> 02:21:59.235
of all by this exclamation mark

2684
02:21:59.235 --> 02:22:00.475
like we saw in the previous slide.

2685
02:22:02.275 --> 02:22:04.685
Five factorial is five times four,

2686
02:22:04.685 --> 02:22:05.965
times three times, two times one.

2687
02:22:06.955 --> 02:22:10.575
So any number factorial is just going to be, uh,

2688
02:22:12.675 --> 02:22:16.015
the number multiplied by all whole numbers before it.

2689
02:22:16.195 --> 02:22:18.415
And you can only as a result do this

2690
02:22:18.805 --> 02:22:20.175
operation on a whole number.

2691
02:22:20.235 --> 02:22:22.895
You can't have like 6.5 factorial, uh,

2692
02:22:23.395 --> 02:22:26.125
you can only have two factorial or three factorial.

2693
02:22:26.145 --> 02:22:29.965
You also can't have, uh, negative one factorial

2694
02:22:29.965 --> 02:22:31.205
or negative two factorial

2695
02:22:31.205 --> 02:22:33.565
because you can see that this chain ends at one.

2696
02:22:34.955 --> 02:22:39.175
One thing to note Xero factorial is one, uh, I won't go into

2697
02:22:39.175 --> 02:22:41.055
that too much, but again,

2698
02:22:41.055 --> 02:22:42.855
you can access those notes if you want to

2699
02:22:43.555 --> 02:22:45.375
get a bit more of a grasp on why.

2700
02:22:46.585 --> 02:22:51.415
Um, and something important to remember with

2701
02:22:52.865 --> 02:22:55.455
factorials when it comes to canceling them is

2702
02:22:56.935 --> 02:23:00.555
you can express a factorial as a product

2703
02:23:00.695 --> 02:23:03.555
of some other numbers alongside another factorial.

2704
02:23:03.735 --> 02:23:06.875
So for instance, five factorial, you can do five times,

2705
02:23:06.945 --> 02:23:08.755
four times, three times, two times one,

2706
02:23:09.545 --> 02:23:11.245
or you can recognize that three times,

2707
02:23:11.265 --> 02:23:13.445
two times one is itself three factorial.

2708
02:23:13.505 --> 02:23:16.395
So you can rewrite it like this, okay,

2709
02:23:16.415 --> 02:23:17.755
if a coin is flipped seven times,

2710
02:23:17.855 --> 02:23:19.075
how many different outcomes are there

2711
02:23:19.075 --> 02:23:20.075
where three heads are flipped?

2712
02:23:20.865 --> 02:23:25.325
Okay, so we have a total of seven

2713
02:23:26.305 --> 02:23:28.325
uh, events essentially,

2714
02:23:28.665 --> 02:23:33.455
and we're looking for three favorable outcomes.

2715
02:23:33.675 --> 02:23:37.705
So that's going to be, remember n choose R

2716
02:23:38.965 --> 02:23:41.825
In this case we're looking for seven, choose three.

2717
02:23:43.345 --> 02:23:45.125
We want three heads to be flipped out of seven.

2718
02:23:45.885 --> 02:23:47.085
A total coin flips.

2719
02:23:48.145 --> 02:23:51.285
So again, the formula for this is n over

2720
02:23:52.615 --> 02:23:56.325
n factorial over r factorial times N minus R factorial.

2721
02:23:58.195 --> 02:24:02.605
This is in this case gonna be seven factorial over

2722
02:24:03.255 --> 02:24:07.545
three factorial times seven minus three factorial.

2723
02:24:08.165 --> 02:24:11.625
So seven factorial over, three factorial minus uh,

2724
02:24:11.625 --> 02:24:13.105
times four factorial.

2725
02:24:14.155 --> 02:24:18.215
So again, we can uh, use that tip

2726
02:24:18.215 --> 02:24:19.535
that we learned in the previous slide.

2727
02:24:20.295 --> 02:24:25.005
Seven factorial is just seven times six times

2728
02:24:25.875 --> 02:24:27.765
five times four factorial.

2729
02:24:28.305 --> 02:24:30.125
And on the bottom we have three factorial

2730
02:24:30.125 --> 02:24:31.605
times four factorial.

2731
02:24:32.745 --> 02:24:35.965
So these four factorials cancel out, we end up

2732
02:24:35.965 --> 02:24:39.285
with seven times six times five over three factorial,

2733
02:24:39.285 --> 02:24:40.805
which is three times, two times one,

2734
02:24:42.015 --> 02:24:44.435
and then we can simplify a bit more.

2735
02:24:44.925 --> 02:24:48.955
Seven times six is 42 times five is 210,

2736
02:24:49.665 --> 02:24:51.125
and then three times two is six.

2737
02:24:51.965 --> 02:24:54.785
So if we're dividing this by, well, 210

2738
02:24:54.885 --> 02:24:57.745
by 6, 210 divided

2739
02:24:57.805 --> 02:25:02.425
by three is 70, so divided by six it would be 35.

2740
02:25:03.005 --> 02:25:05.865
So that's our total number of possible

2741
02:25:06.955 --> 02:25:09.355
outcomes when we are flipping a coin seven times,

2742
02:25:09.445 --> 02:25:12.725
we're looking for three heads and that's it.

2743
02:25:12.985 --> 02:25:15.285
So thank you all so much for holding on until now.

2744
02:25:15.825 --> 02:25:18.165
Um, it's, I think we've gone a little bit over time,

2745
02:25:18.585 --> 02:25:20.765
but uh, I hope you guys found this helpful.

2746
02:25:21.725 --> 02:25:25.885
Remember to always be very slow with learning the content.

2747
02:25:25.885 --> 02:25:28.725
Methods one two is much less fast paced than

2748
02:25:29.075 --> 02:25:30.085
methods three, four.

2749
02:25:30.105 --> 02:25:31.125
So take that opportunity

2750
02:25:31.125 --> 02:25:33.245
to really digest the maths and understand it.

2751
02:25:33.815 --> 02:25:36.285
Build that strong base for units three and four.

2752
02:25:37.235 --> 02:25:38.295
Um, again,

2753
02:25:38.295 --> 02:25:39.375
hopefully you guys have been

2754
02:25:39.375 --> 02:25:40.855
asking questions throughout the chat.

2755
02:25:41.595 --> 02:25:44.175
Uh, feel free to leave some last minute questions in the

2756
02:25:44.175 --> 02:25:45.775
chat and I'll go ahead and respond to them.

2757
02:25:46.555 --> 02:25:48.615
Uh, if you don't have any questions, thank you

2758
02:25:48.615 --> 02:25:49.815
so much everyone for coming.

2759
02:25:50.285 --> 02:25:52.335
Hope you found it helpful. And yeah,

2760
02:25:52.365 --> 02:25:53.415
I'll be signing off now.

2761
02:25:53.805 --> 02:25:55.415
Make sure to check out Toos, Smartt as well.

2762
02:25:56.215 --> 02:25:58.725
We've got lots of free resources for you as well

2763
02:25:58.725 --> 02:26:00.165
as paid resources, which you can

2764
02:26:00.165 --> 02:26:01.565
really take a lot away from.

2765
02:26:02.005 --> 02:26:03.255
Alright, thank you everyone.

2766
02:26:07.185 --> 02:26:07.475
Okay.
